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Director’s Note

| am very pleased to present the annual report of the Institute for 2018-2019 and put forth the

distinctive achievements of its members during the year along with a perspective for the future.

During the period April 2018 - March 2019, there were 155 students pursuing their PhD and 39

scholars pursuing their post-doctoral programme at IMSc.

Spread through this period, the Institute organized or co-sponsored several workshops and
conferences. Specifically, the IndiaEMBO Symposium on Regulatory Epigenomics: From Large Data
to Useful Models was an international conference featuring cutting-edge research, primarily funded
by European Molecular Biology Organization (EMBO) and DBT-Wellcome India Alliance, with local
support and some funding from IMSc. Mechanics of Complex Matter: Criticality, Intermittency and
Collective Behaviour was a workshop that provided graduate students and researchers with an
exposure to the current developments in understanding how various materials, both soft and hard,
in crystalline and amorphous forms, respond to mechanical perturbations of various kinds, leading
to plasticity, fracture, flow etc. Nagarajfest was a conference on algebraic geometry, commutative
algebra and number theory. An ACM-India Summer School on Graph Theory and Algorithms was co-
organized by IMSc faculty members and held at PSG tech Coimbatore. An international conference
on Algebras, Combinatorics, and Representation Theory was jointly organized by IMSc and IISER
Thiruvananthapuram. The Stellar Legacy of Prof. Meghnad Saha: from Society to the Cosmos was a
conference organized on the occasion of the 125th birth anniversary of Meghnad Saha. The
workshop on Science, Journalism, Media: Communicating Science in a Changing India brought

together scientists and science journalists and led to many fruitful discussions.

We note with a lot of satisfaction that our outreach programmes like ‘Teachers’ Enrichment
Workshop’, ‘Summer School Students Workshop’, ‘Facets’, ‘kaNita-kAnakam®, ‘Enriching
Mathematics Education’, ‘Zero shadow day’, ‘IMSc Open day’, ‘UN International Day for Girls and
Women in Science’ and ‘Science at the Sabha’ are increasingly popular. Over the years, these events
have been attracting more and more students and teachers, mainly from nearby regions, but also
some from across the country. The outreach related activities in the Institute are the initiative of
several institute members. Their untiring efforts, enthusiastically supported by the IMSc
administration, PhD students and postdoctoral fellows, to make scientific research accessible and

exciting to students and teachers at various levels, deserves all praise.

Research productivity of the members of the Institute has been excellent throughout the year.
Several high quality publications have been reported in national and international journals, and

some of the research work carried out has also been presented in international conferences.

A total of 16 students were awarded ‘PhD’ degree, 3 students have submitted their PhD theses and

7 students were awarded ‘MSc by Research’ degree, under the supervision of our faculty.
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There are several ongoing collaborations between other institutions, both national and
international, and research groups of IMSc. Among these, we mention a few. Decongesting
India’s Transportation Network using mobile devices is an ITRA-Media Lab Asia Project involving
principal investigators from IMSc, IIT Madras and IIM Bangalore. The India-based Neutrino
Observatory is a multi-institute collaboration of which IMSc is a part. IMSc is also part of the
Belle Il Collaboration which is a multinational collaborative effort, involving 60 institutions
from all over the world, to understand phenomena accessible at the KEK-B collider in Tsukuba,
Japan. As a Max Planck Partner Group in Mathematical Biology, IMSc has been collaborating

with MPIMIS Leizig on the study of biological networks.

During 2018-2019, a total of 34 lecture courses were conducted at the Institute. Additionally, a
course of lectures was conducted for the undergraduate programme of CMI. The institute
hosted numerous academic visitors at all levels from around the country and abroad. Many
seminars and colloquia were organized, several of which were video-recorded and made

publicly available on the Institute’s YouTube channel.

We are proud to note the awards and honors bestowed on our faculty for their contributions:
V. Ravindran was elected Fellow of the Indian National Science Academy, for 2018, by the
Indian National Science Academy. Parameswaran Sankaran was elected Fellow of the Indian
National Science Academy, for 2018, by the Indian National Science Academy. Areejit Samal
was designated Research Ambassador, for the period 2018-2022, by the Deutscher
Akademischer Austauschdienst (DAAD) to promote bilateral cooperation between Germany
and India. Saket Saurabh was awarded Swarnalayanti Fellowship, for 2018, by the DST, India.
Sayantan Sharma was awarded Ramanujan Fellowship, for 2018, by the SERB, DST, Government

of India.

Many improvements to infrastructure were made this year. In particular, a newly expanded

library building to house our rapidly growing collection of books and journals was inaugurated.

This report was compiled through the efforts of the IMSc Annual Report Committee comprising
of Drs. Areejit Samal, Sayantan Sharma, Shrihari Gopalakrishna, C. R. Subramanian, S.

Viswanath, Paul Pandian and Usha Devi. | owe my gratitude to all of them.

V. Arvind

June, 2019
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1. The Institute

N

"

The Institute of Mathematical Sciences (IMSc), founded in 1962, is a national institution for
fundamental research in the Mathematical and Physical Sciences. The Institute is funded
by the Department of Atomic Energy of the Government of India. Institute members work
primarily in the areas of Mathematics, Theoretical Computer Science, Theoretical Physics

and Computational Biology.

The Institute is governed by a Governing Board and an Executive Council. Academic
personnel at the Institute are grouped as Faculty, Post-Doctoral Fellows, Junior Research
Fellows and Senior Research Fellows. The academic programmes are ably supported by an
administrative set-up. The Director is assisted by the Faculty in academic matters and by
the Registrar in financial and administrative matters.

Out of a sanctioned strength of 61 at present 55 faculty members are in position. This year
there were 39 post-doctoral fellows from all over the world pursuing research at IMSc. In
addition there are about 55 scientific personnel at various levels working here on different
projects. The number of doctoral students (JRFs & SRFs) is 155 this year. The Institute has
36 non-academic staff members which includes scientific, administrative and accounts
staff.

IMSc has an outstanding scientific library, an excellent computing environment including a
tera-flop class cluster computer and a dedicated high-speed network. The Institute hosts
several national and international scientific / academic conferences / workshops and

meetings every year.

This report briefly describes the programmes and activities of the Institute as well as its

achievements in the past year. More details are available in the detailed annual report.
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1.1 Governing Board

Thiru. K.P. Anbalagan,
Hon’ble Minister for Higher Education,
Government of Tamil Nadu, Chennai
(Chairman)

Shri. K.N. Vyas,
Chairman, Atomic Energy Commission & Secretary to Government of India,
Department of Atomic Energy, Mumbai
(Co-Chairman)

Prof. S. K. Joshi,
Honorary Scientist Emeritus CSIR,
Vikram Sarabhai Professor,

Prof. Mustansir Barma,
Former Director, TIFR Mumbai, Professor Emeritus,
TIFR Centre for interdisciplinary Sciences(TCIS),

National Physical Laboratory, New Delhi
(Member)

Prof. Amitava Raychaudhuri,
Former Director, HRI, Allahabad
Professor Emeritus, University of Calcutta, Kolkata
(Member)

Prof. Sudhanshu Jha,

Former Director, TIFR Mumbai, 402 Vigyanshila,
Juhu-Version Link Road, Seven Bungalow,
Andheri(W), Mumbai
(Member)

Ms. Richa Bagla, IAS
Joint Secretary(Finance) to Govt. of India,
Department of Atomic Energy, Mumbai
(Member)

Hyderabad
(Member)

Dr. P. Duraisamy,
Vice Chancellor,
University of Madras, Chennai
(Member)

Shri. A.R. Sule, (IDAS)
Joint Secretary (R&D) to Govt. of India,
Department of Atomic Energy, Mumbai
(Member)

Shri. Mangat Ram Sharma, IAS
Principal Secretary to Government,
Secretariat, Fort St. George, Chennai
(Member)

Prof. V. Arvind,
Director,
The Institute of Mathematical Sciences, Chennai
(Member Secretary)
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1.2 Executive Council

Prof. S. K. Joshi,
Honorary Scientist Emeritus CSIR,
Vikram Sarabhai Professor,
National Physical Laboratory, New Delhi

(Member)
Prof. Mustansir Barma, Prof. Amitava Raychaudhuri,
Former Director, TIFR Mumbai, Professor Emeritus, Former Director, HRI, Allahabad
TIFR Centre for interdisciplinary Sciences(TCIS), Professor Emeritus, University of Calcutta, Kolkata
Hyderabad (Member)
(Member)
Shri. A.R. Sule, (IDAS) Ms. Richa Bagla, IAS
Joint Secretary (R&D) to Govt. of India, Joint Secretary(Finance) to Govt. of India,
Department of Atomic Energy, Mumbai Department of Atomic Energy, Mumbai
(Member) (Member)

Shri. Mangat Ram Sharma, IAS
Principal Secretary to Government,
Secretariat, Fort St. George, Chennai
(Member)

Prof. V. Arvind,
Director,
The Institute of Mathematical Sciences, Chennai
(Member Secretary)
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1.2.1 Profiles of Governing Board and Executive Council Members

Thiru K.P. Anbalagan, Hon‘ble Minister for Higher Education, Government of
Tamilnadu, Chennai

(Chairman, Governing Board)

He was previously the Information Minister of Government of Tamilnadu.

Shri. K. N. Vyas, Chairman, Atomic Energy Commission & Secretary to Govt. of
India, Department of Atomic Energy, CSM Marg, Mumbai

(Co-Chairman, Governing Board)

Shri Kamlesh Nilkanth Vyas is a Mechanical Engineering graduate from MS
University, Vadodara. After completion of the training in the 22nd Batch of
the BARC Training School in 1979, he joined Fuel Design Development Section
of Reactor Engineering Division of BARC. Shri Vyas has worked for design
analysis of nuclear reactor fuels. He was also responsible for design
development of a novel fuel for strategic applications. He has worked
extensively in thermal hydraulics and stress analysis of critical reactor core
components. Mr. Vyas, as an engineer, has played a key role for completion of
strategic projects. Shri Vyas has also participated in design analysis of the Test
Blanket Module planned to be installed in ITER, France. Shri Vyas has been
conferred several awards, which include Indian Nuclear Society Outstanding
Service Award 2011, Homi Bhabha Science and Technology Award 2006 , DAE
Awards in the years 2007, 2008, 2012 and 2013. He is also a Fellow of the
Indian National Academy of Engineers.

Shri K. N. Vyas was Director, Bhabha Atomic Research Centre, before he has
taken over the charge of Secretary, Department of Atomic Energy and
Chairman, Atomic Energy Commission on 20.09.2018.

Prof. S. K. Joshi, Honorary Scientist Emeritus CSIR Vikram Sarabhai Professor
National Physical Laboratory Dr. K.S. Krishnan Road New Delhi 110 012.

(Member, Governing Board) & (Chairman, Executive Council)

Prof. Joshi has held numerous important positions in the field of science in
India, including Director General CSIR, and Director, National Physical

Laboratory. He is member of several national and international academies,
including the Indian National Science Academy and the Third World Academy
of Sciences. For his work in physics Prof. Joshi is the recipient of humerous
national and international awards, including the Won Watumull memorial
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Prize and the Bhatnagar Prize. He is recipient of the “Padma Sri” and the
“Padma Bhushan” for his contributions.

Prof. Mustansir Barma, Professor Emeritus, TIFR Center for Interdisciplinary
Science, No.36/P, Gopanapally Village, Serilingampally Mandal, Ranga Reddy -
Dist Hyderabad 500107.

(Member, Governing Board & Executive Council)

Prof. Barma was a faculty member at TIFR Mumbai and was Director, TIFR
Mumbai. For his contributions to physics Prof. Barma has received numerous
awards, including the Bhatnagar prize and the “S.N. Bose Birth Centenary
Award”. Prof. Barma is member of many national and international science
academies including the Indian National Science Academy. For his

Prof. Amitava Raychaudhuri, Professor Emeritus, University of Calcutta,
Kolkata.

(Member, Governing Board & Executive Council)

Prof. Raychaudhuri has held numerous academic positions in India and
abroad. He was the ‘Sir Tarak Nath Palit Professor’ at Calcutta University, and
he was Director HRI, Allahabad. For his research contributions in physics, Prof.
Raychaudhuri has received several awards, including the ‘Bhatnagar Prize’
and the ‘J.C. Bose fellowship’. He is member of several science academies,
including the Indian National Science Academy. Prof. Raychaudhuri was
conferred the honour of International Alumnus of the Year by the University
of Maryland.

Dr. P. Duraisamy, Vice Chancellor, University of Madras, Chennai
(Member, Governing Board)

Dr. Duraisamy is a former HOD of Econometrics department in University of
Madras and has a PhD from Paris University.

Prof. Sudhanshu Jha, 402, Vigyanshila, Juhu-Versova Link Road, Seven
Bungalows, Andheri (W) Mumbai.

(Member, Governing Board)

Prof. Sudhanshu Jha was faculty member at TIFR, Mumbai and is a former
Director, TIFR, Mumbai. For his contributions in physics, Prof. Jha has received
many awards including the ‘Bhatnagar Prize’ and the ‘S.N. Bose Medal’.
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He is a member of several national and international academies, including
the Indian National Science Academy and the Third World Academy of

Shri A.R. Sule, Joint Secretary (R & D), Department of Atomic Energy, CSM
Marg, Mumbai.

(Member, Governing Board & Executive Council)

Ms. Richa Bagla, IAS, Joint Secretary(Finance) to Govt. of India, Department
of Atomic Energy, Mumbai

(Member, Governing Board & Executive Council)

Shri. Mangat Ram Sharma, IAS, Principal Secretary to Government,
Secretariat, Higher Education Dept., Government of Taminadu, Chennai

(Member, Governing Board & Executive Council)

Prof. V. Arvind, Director, IMSc Chennai
(Member Secretary, Governing Board & Executive Council)

Prof. V. Arvind was a faculty member at lIT, Madras and IIT, Delhi prior to
joining IMSc as a faculty member.

12
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1.2.2 Director’s Advisory Committees

Academic Coordinators Committee

Prof. V.S. Nemani
Dr. Indrava Roy
Dr. Vikram Sharma TCS

Physics
Mathematics

Annual Report Committee
Prof. S. Viswanath Chair
Prof. C. R. Subramanian

Prof. Shrihari Gopalakrishna

Dr. Paul Pandian (Library)
Dr. Areejit Samal

Dr. Sayantan Sharma

Approval Coordinators

Prof. Sitabhra Sinha Physics

Prof. K. Srinivas Mathematics
Prof. Meena Mahajan TCS

Prof. Gautam I. Menon  Computational

Biology

Computer Media & Web Committee

Dr. Pinaki Choudhuri Chair

Prof. Venkatesh Raman

Prof. K.N. Raghavan

Prof. Rahul Siddarthan

Prof. Satyavani Vemparala

Dr. Sayantan Sharma

Dr. G. Subramoniam, SO'F
(Systems)

Shri. B. Raveendra Reddy SO'F
(Systems)

Mr. Vigneshwar Narayanan (Student
Member)

14

Associateship Programme

Prof. V. Arvind Chair
Prof. Venkatesh Raman  TCS
Prof. K. Srinivas &
Prof. Pralay Chatterjee
Prof. Mukul Laad

Mathematics
Physics

Alumni Committee

Prof. Partha Mukhopadhyay Chair
Prof. Meena Mahajan
Prof. Sanoli Gun

Dr. Pinaki Choudhuri
Dr. Paul Pandian

Shri. B. Raveendra Reddy

(as CC-Chair)
Library

Colloquium & Seminar

Dr. Ganesh Ramachandran Physics

Prof. Jaya N. lyer Mathematics

Dr. Vikram Sharma TCS

Events / Outreach

Prof. R. Ramanujam Chair
Prof. K.N. Raghavan

Dr. Areejit Samal

Dr. Ganesh Ramachandran

Dr. Sushmita Venugopalan
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Internal Complaints Committee (Gender

Bias Redressal)

Prof. D. Indumathi
Prof. Rahul Siddarthan
Prof. Sanoli Gun

Smt. E. Gayatri

Smt. V. Geetha

Shri. S. Vishnu Prasad

One Student
representative

Chair

(Accounts
Officer)
(External

Hostel Faculty Counselor

(This Committee will also serve as the
Anti-Ragging Committee)

Dr. Manijari Bagchi Chair
Dr. Ganesh Ramachandran

Dr. Vikram Sharma

Member)

Registrar

(Nominated by
the Chair)

Housing & Up-Keep

Prof. V. Ravindran Chair
Dr. Pinaki Chaudhuri
Dr. C.M. Chandrashekar
Grievance Redressal Committee Shri. S. Vishnu Prasad Registrar
. . Smt. R. Indra Administrative
Prof. Meena Mahajan Chair .
: Officer
Prof. Amritanshu Prasad
Prof. Sanatan Digal
Prof. Sujay Ashok
Library Committee
. . Prof. Amritanshu Prasad Chair
Guest House Advisory Committee Prof. C. R. Subramanian
Prof. Pralay Chatterjee Chair Prof. Sitabhra Sinha
Prof. V. Ravindran Prof. Rajesh Ravindran
Dr. Indrava Roy Dr. Manjari Bagchi
Shri. S. Vishnu Prasad Registrar Dr. Paul Pandian S/O'F
(Student Member) (Library)
Mr. K. Chandrashekhar  (Student
Member)
JEST Coordinators
Prof. D. Indumathi Physics
Prof. Pralay Chatterjee Mathematics
Prof. Saket Saurabh TCS
HBNI Coordinators
Prof. Sibasish Ghosh Physics Dean, Physical Sciences
Prof. Sanatan Digal Physics Associate Dean, Physical

Prof. Vijay Kodiyalam
Prof. Gautam I. Menon

Mathematics
Computational Biology

Sciences
Dean, Mathematical Sciences
Dean, Life Sciences

16
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National Science Day Committee

Prof. K.N. Raghavan

Prof. V. Ravindran

Dr. Vikram Sharma

Dr. Sushmita Venugopalan

Official Language Implementation
Committee [OLIC]

Prof. V. Arvind Chair

Prof. K. Srinivas

Prof. Saket Saurabh

Prof. Mukul Laad

Shri. S. Vishnu Prasad, Registrar

Mr. Vinay Vaibhavy, (Student
Member)

Mathematics PDF Committee

Prof. K. Srinivas
Prof. Pralay Chatterjee

Physics PDF Committee (HEP)

Prof. Indumathi HEPF Convener

Physics PDF Committee(LEP)

Prof. Sitabhra Sinha

Prof. Sibasish Ghosh

Prof. Satyavani Vemparala
Prof. Ganesh Ramachandran

18

Refurbishment Committee

Prof. Saket Saurabh Chair
Prof. Anirban Mukhopadhyay
Dr. Sayantan Sharma

Shri. K. Chandrasekar Ex-Chief

Architect, IGCAR

Shri. S. Vishnu Prasad Registrar

Shri. M. Sundar S/0 *C’ (Civil)

Shri. S. Mohan S/O°F’
(Electrical)

Right To Information Act [RTI]

Prof. Venkatesh Raman  Appellate
Authority

Shri. S. Vishnu Prasad Public
Information
Officer

Space Planning & Allocation Committee

Prof. V. Arvind Chair
Prof. Gautam Menon

Prof. Indumathi

Prof. Pralay Chatterjee

Dr. C.M. Chandrashekar

Shri. S. Vishnu Prasad Registrar
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Summer Programme Co-ordinators

Prof. Ramanujam TCS
Prof. Sanoli Gun Maths
Prof. Pinaki Chaudhuri Physics
Tender Committee

Prof. Ramanujam Chair

Prof. Satyavani Vemparala

Institute Seminar Day

Prof. S. Viswanath
Dr. Arijit Ghosh

Dr. Areejit Samal

Dr. Sayantan Sharma
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Sports/GYM Committee

Prof. Pralay Chatterjee
Prof. Partha Mukhopadyay
Dr. Vikram Sharma

Dr. Indrava Roy

Dr. Manjari Bagchi

Mr. Rakesh Netha - Cricket
(Student member)
Mr. Pranendu Darbar - Foot ball &

(Student member) Tennis

Mr. Mrigendra Singh - Table Tennis
(Student member)
Mr. Anupam Sarkar - Badminton

(Student member)
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1.3 Faculty

COMPUTATIONAL BIOLOGY:
Menon, Gautam |.

Samal, Areejit

Siddharthan, Rahul

Sinha, Sitabhra

MATHEMATICS:
Chakraborty, Partha Sarathi
Chatterjee, Pralay

Gun, Sanoli

lyer, Jaya N.

Kodiyalam, Vijay

Mohari, Anilesh
Mukhopadhyay, Anirban
Nagaraj, D. S.

Pancholi, Dishant Mayurbhai
Prasad, Amritanshu
Raghavan, K. N.

Roy, Indrava

Sankaran, P.

Srinivas, K.

Sundar, S.

Sushmita Venugopalan
Viswanath, S.

PHYSICS:

Adhikari, Ronojoy
Ashok, Sujay K.
Bagchi, Manjari
Chandrashekar, C.M.
Chaudhuri, Pinaki
Date, G.

Digal, Sanatan
Ghosh, Sibasish
Gopalakrishna, Shrihari
Hassan, Syed Raghib
Indumathi, D.

Laad, Mukul S.
Menon, Gautam |.

Mukhopadhyay, Partha
Nemani, Venkata
Suryanarayana

Rajesh, Ravindran
Rama, S. Kalyana
Ramachandran, Ganesh
Ravindran, V.

Ray, Purusattam
Sathiapalan, Balachandran
Sayantan Sharma
Shankar, R.
Siddharthan, Rahul
Sinha, Nita

Sinha, Rahul

Sinha, Sitabhra
Vemparala, Satyavani

THEORETICAL COMPUTER
SCIENCE:

Arvind, V.

Ghosh, Arijit
Lodaya, Kamal
Mahajan, Meena
Raman, Venkatesh
Ramanujam, R.
Saurabh, Saket
Sharma, Vikram
Subramanian, C.R

1.4 Honorary Senior
Academic Members
Balasubramanian, R.
Baskaran, G.

Rajasekaran, G.

Simon, R.

1.5 Scientific Staff
Subramoniam G.
Raveendra Reddy B.
Paul Pandian M.
Mohan S.
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Usha Devi P.
Sundar M.
Maruthu Pandiyan B.

1.6 Administrative &
Accounts Staff
Members

Vishnu Prasad S.
Registrar

Gayatri E.
Accounts Officer

Indra R.
Administrative Officer

Vasudevan, T\V.
Parthiban, V.
Ashfack Ahmed, G.
Geetha, M.
Padmanabhan, T.
Prema, P.

Jayanthi, S.
Baskaran, R.
Balakrishnan, J.
Moorthy, E.
Radhakrishnan, M. G.
Rajendran, C.
Ravichandran, N.
Shankaran, K.P.
Seenivasa Raghavan N.
Otheeswaran Usha
Archana Shukla
Babu, B.

Johnson, P.
Gopinath, S.
Amulraj, D.
Janakiraman, J.
Munuswamy, N.
Rajasekaran, N.
Ramesh, M.

Tamil Mani, M.
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1.7 Project Staff

Project Staff
[Non Academic]
Aiswaryalakshmi P. L.
Balachander M.
Gayathri S.

Hari Priya T. V.
Hemamalini, A.
Jayakumar P.
Jegannathan J.
Karthik M.
Karthikeyan B.S.
Kirubananth P
Krishna Balaji R.
Mahalakshmi, G.
Mangala Pandi P.
Moovendan M.
Nambirajan E
Narmatha, S.
Parthasarathi N.
Prashanna, K.
Rajkumar, S.
Ramakrishnan S.
Rethinasamy D.
Sadhana R.
Sakthivel Murugan E.
Sathishkumar
Shalieni, D.
Sivasubbu Raj B.
Sreelakshmi P.K
Srinadh, G.
Srinivasan G.
Vaideeswaran
Vignesh Kumar T
Vimalraj J.
Vinoth Babu, M.

Project Staff
[Scientific/Academic]
Able E Alias

Archana Mishra

Arya S

Ashwij Mayya

Eleonora Dell’ Aquila
Gajendra Singh Badwal
Gayatbhri, B.

Harish, K.

Janaki Raghavan
Krishanu Deyasi

Md. Izhar Ashraf
Nadeesh Garg
Pradeep Kumar N
Saveetha H.

Shakthi N. Menon
Soumya Easwaran
Sreejith, R. P.

Subathra Vijayakumar
Surendra Singh Badwal
Theerthagiri L.

Varuni Prabhakar
Vinod Kumar T.

1.8 Post-Doctoral
Fellows

COMPUTATIONAL BIOLOGY
Anupama Sharma
Sushmita Ghosh

MATHEMATICS

Anuj Jakhar

Arideep Saha

Arjun Paul

Balesh Kumar

Bidyut Sanki
Nirupama Mallick
Rohit Varma

Sarita Agrawal
Selvaraja, S.

Suratno Basu
Pranabesh Das
Poornapushkala Narayanan
Usha Keshav Sangale

PHYSICS

Aditya Banerjee
Amit Mukherjee
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Aradhana Singh
Aravinda S

Arpita Choudhary
Arunprasath V

Avijit Mishra

Bala Subramanian, P.N.
Bijoy Daga

Debabrata Sinha
George Thomas
Nilanjana Kumar

Prasad VV

Rahul Dandekar
Shreyansh Shankar Dave
Sreeraj T. P.

Srimoy Bhattacharya
Subhroneel Chakrabarti

THEORETICAL COMPUTER
SCIENCE

Abhisekh Sankaran
Gurumuruhan Ganesan
Krithika R

Pallavi Jain

Purbita Jana

Vibha Sahlot

1.9 Ph.D. Students

COMPUTATIONAL BIOLOGY
Ankit Agrawal
Ashwini, G.

Bodhayan Prasad
Chandrani Kumari
Chandrashekar K. A.
Devanand T.

Farhina Mozaffer
Janani R.

Rakshika Lakshmi, A.
Reshma M

Ria Ghosh

Sreejith, R.P.
Sreevidya T.S

Vadnala Rakesh Netha
Vivek Ananth R. P.
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MATHEMATICS
Ankur Sarkar

Aritra Bhattacharya
Avijit Nath

Biplab Paul

Chayan Karmakar
Digjoy Paul
Jayakumar R.
Jyothsnaa S.

Karthick Babu C G
Krishanu Roy

Manas Mandal
Mrigendra Singh Kushwaha
Nabanita Roy
Narayanan P. A.
Neelam

Oorna Mitra

Piyasa Sarkar
Pranendu Darbar
Priyamvad Srivastav
Ratheesh TV

Rupam Karmakar
Sathish Kumar, V.
Siddheswar Kundu
Snehajit Misra
Sridhar P. Narayanan
Sruthy Murali

Sunil L Naik

Tanmoy Bera

Saurav Holme Choudhury
Surajit Biswas

Uday Bhaskar Sharma
Ujjal Das

Vaibhav Krushankant Dimble

PHYSICS

Abinash Kumar Nayak
Ajjath A.H.

Akhil Antony

Amir Suhail

Amit Kumar

Amlan Chakraborty
Anand Pathak
Anirban Karan
Ankit Aggarwal
Ankita Chakrabarti

Anupam A. H.
Anupam Sarkar

Anvy Moly Tom
Aparna Sankar
Apurba Biswas, G.
Apurba Dutta
Arindam Mallick
Arindam Mitra

Arjun Hariharan
Arkajyoti Manna
Arnab Priya Saha
Arpan Kundu

Atanu Bhatta
Bhargava B.A.

Bhavya Teja, K.N.
Dheeraj Kumar Mishra
Dhruv Pathak
Dipanjan Mandal
Garima Rani

Gopal Prakash
Himanshu Badhani
Hitesh Garg

Jilmy P. Joy

Jyotijwal Debnath
Kamal Tripathi
Madhusudhan Raman
Mahaveer Prasad
Mamale Vinod Suryakant
Mohammad Shabbir
Nishant Gupta

Pavan Dharanipragada
Pooja Mukherjee
Prabhat Butola
Prafulla Oak

Prateek Chawla
Prasanna Kumar Dhani
Prashanth Raman
Prathik Cherian J.
Pritam Sen

Pulak Banerjee
Raghvendra Singh
Rathul Nath

Ravi T

Ria Sain

Rusa Mandal

Sabiar Shaikh
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Sabyasachi Chowdhuri
Sagnik Chakraborty
Sahil

Sanjoy Mandal
Saroj Prasad Chhatoi
Sayantan Ghosh
Semanti Dutta
Shibasis Roy

Shilpa Kastha
Shivam Gola
Shivani Singh
Soumya Sur
Sourav Ballav
Subhankar Khatua
Sujoy Mahato
Surabhi Tiwari
Subashri, V.
Sushovan Mondal
Tanmay Mitra
Tanmay Saha
Tanmoy Sengupta
Thiru Senthil R.
Toshali Mitra
Umang A. Dattani
Varun Gupta

Varun Sethi
Vignesh, B.
Vigneshwar N.
Vigneshwaran K.
Vinay Vaibhav

THEORETICAL COMPUTER
SCIENCE

Abhishek Sahu

Abhimanyu Choudhury
Abhranil Chatterjee
Anantha Padmanabha M.S.
Anuj Vijay Tawari

Arindam Biswas

Ashwin Jacob

Diptapriyo Majumdar
Gaurav Sood

Jayakrishnan M.

Lawqueen Kanesh

Niranka Banerjee
Prafullakumar Prabhakar Tale
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Ramanathan Thinniyam

Srinivasan Rian Neogi

Ramit Das

1.10 Summer Students

Roohani Sharma

Sanjukta Roy
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Swaroop N.P.
Yogesh Dahiya

Every summer, a small number of students from various Institutes/Universities come to our
institute and work on some learning/research projects with some faculty member for a
period of four to six weeks. The following students visited the institute during Apr, 2018 -

Mar, 2019.

COMPUTATIONAL BIOLOGY

Suriya Selvarajan, CMI, Chennai

Madhav Sankaranarayanan, ISI, Kolkata
Pavithra Elumalai, PSG College, Coimbatore
Shreya Lakhera, IISER, Pune

Asha, P., Kumaraguru College of Technology,
Coimbatore

Shashank Tiwari, CEBS, Mumbai

Abhirami, B., Sastra University

Sayanur Rahman, IISER, Kolkata

Aishwarya, N., Institute of Bioinformatics and
Applied Biotechnology

Aashish Satyajith, CMI

MATHEMATICS

Aritam Dhar, IISER, Mohali

Mariam B. Elizabeth, Pondicherry University
Greeshma, K., Calicut University

Deepthy Saji, Pondicherry University

Arnab Roy, IISER, Berhampur

Naman Kumar, IIT, Kanpur

Subham Saha, CMI

Megha Kamath, K., ST. Aloysius, Mangalore
Vishal Gupta, IISER, Bhopal

Suraj Dash, ISI, Bangalore

Shilpi Mandal, University of Hyderabad

T. Sri Harshitha, University of Hyderabad
Amrita Soni, Samrat Prithviraj Chauhan Govt
College, Ajmer

Chitra Kumari Sharma, Raj Rishi Govt College
Jenifer Janany, T., St. Mary’s College

Naveen Kumar, SPC Govt Ajmer

Vigneshini Bharathi, Ramanujan Institute
Supriyaa, Pl, PSG College

Srijan Das, ISI, Bangalore

Mihir Naik, BITS Pilani

Vignesh, ISl, Bangalore

Sujeet Bhalerao, IISER,Pune

Manasa Bhat, SBC, Karkala, Karnataka

PHYSICS

Pradhyumna P, Anna University (MIT)
Yuva Priya, M, Madras Christian College
Merlin Varghese, Calicut University
Varun Madan Mohan, IISER, Mohali
Subramanian Bhat, K.N., Central University of
Karnataka

Saranyan Sankrith, S, Sairam Institute of
Technology

Nithishwar, M.A., IISER, Mohali

Om Gupta, IISER, Kolkata

Archisiman Saha, ISERC, Visva Bharati
Rahul Sharan, IISER, Kolkata

Pitambar Sai Goyal, Loyala, ICAM
Ramakrishnan, University of Madras
Pujarani Swain, Fakir Mohan University, Odisa
Anubhab Sur, IISER, Kolkata

Nidhi Gupta, LNMIIT, Jaipur

Pratyush Kumar, BITS, Pilani, Goa
Sarvesh Srinivasan, BITS, Pilani, Goa
Rishi Gangadhar, G, IISER, Mohali
Vikram Ramesh, IIT, Kharagpur

Fahad, P., Cochin University
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THEORETICAL COMPUTER SCIENCE Magilan, S., VIT, Chennai

Subhashini, H., PSG College of Technology, Mohith Jagalmohanan, NIT, Calicut
Coimbatore Gopinath Das, IlIT Bhubaneswar

Raj Adhitya Kumar, BITS, Pilani, Hyderabad Parshudar, P.K., PSG College of Technology,
Adhitya Subramanian, Shiv Nadar University, =~ Coimbatore

Noida Ativ Joshi, Ahmedabad University

Fazle Rahman Ejazi, IIT Patna Anunay Kumar, IIEST, Shibpur
Pradeesh, S., Knowledge Institute of Technology,Akhila, K., IlITM, Kerala

Salem Ranjani, G.S., CMI, Chennai

Rahul, B.S., BITS Pilani, Goa Jiteshwar, C.A., BIT, Mersa, Ranchi
Rajhesh, R., PSG College of Technology, Akash Gupta, Thapar University, Patiala
Coimbatore Pankaj Kumar,CMI

1.11 Other Students

Students also do their projects under the supervision of our faculty during the academic year.
The following students visited the institute during Apr, 2018 - Mar, 2019.

MATHEMATICS Lloyd, Juzel, Howard University

Chopra, Divya, Central University of Rajashtan, Meyers, Natalie Ann, University of Wisconsin-

Rajasthan Milwaukee

Setia, Swati, HRI Allahabad

D, Kiran, IISER, Bhopal THEORETICAL COMPUTER SCIENCE

B. S, Rahul, BITS Pilani, Goa Campus Dhamapurkar, Shyam, Pune University
Thatte, Mitali, IISER Pune

PHYSICS Priyanka, J., PSG College of Science and

Sharma, Sanchita, IACS Technology, Coimbatore
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2. Academic Activities and Programmes

2.1 Research Activities

Faculty members at IMSc carry out research in their areas of interest in a self-directed
manner, often in collaboration with doctoral students, post-doctoral fellows and researchers
from elsewhere. Research output is disseminated primarily as refereed journal articles as
well as articles in conference proceedings. The expertise available at the institute is
organized below according to the areas of specialization.

2.1.1 COMPUTATIONAL BIOLOGY

The field of computational biology lies at the intersection of biological phenomena and
measurements, physics, applied mathematics and large-scale computation. The interests of
the Computational Biology group at the Institute encompass computational genomics,
networks in biology, biophysics, systems biology, infectious disease modelling,
computational neuroscience and large-scale molecular dynamics simulations of biologically
relevant phenomena.

[Gautam I. Menon, Rahul Siddharthan, Sitabhra Sinha, Areejit Samal]

In 2018-2019, 8 articles were published in peer-reviewed journals.

2.1.2 MATHEMATICS

The Mathematics group has wide ranging interests. These specializations are conveniently
grouped together under broad headings. A very brief description is provided followed by the
names of faculty members currently working in these areas.

In 2018-2019, 9 articles were published in peer-reviewed journals.

® Algebra and Algebraic Geometry: Algebra is the study of the properties of
mathematical structures involving “algebraic” operations such as addition and
multiplication. One of the main motivations to study algebraic structures is to analyze
geometric objects such as curves and surfaces via the algebra of functions defined on
them. Aspects of algebra being studied at IMSc involve algebraic geometry (study of
loci of solutions of polynomial equations), algebraic groups (groups of matrices), and
the theory of knots.

[Jaya lyer, Vijay Kodiyalam, D. S. Nagaraj, K. N. Raghavan]

® Lie Groups: The theory of Lie groups deals with the groups of symmetries of
continuous mathematical objects. It is one of the most important areas of
Mathematics. It is used widely in almost all major branches in Mathematics and in
many branches in Physics.

[Pralay Chatterjee]
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® Number Theory:

Number theory is concerned mainly with the way prime numbers are distributed in the
set of natural numbers. This area has rich interactions with many other branches of
mathematics including algebra, complex analysis and geometry. There are also
applications to cryptography.

[K. Srinivas, Anirban Mukhopadhyay, Sanoli Gun]

® Operator algebras:

This subject may loosely be described as the study of ‘infinite-dimensional matrices’. It
was introduced by von Neumann in order to address some problems arising from
guantum mechanics. Even today, it is intimately tied to various branches of physics as
well as to other areas of pure mathematics, such as knot theory.

[Vijay Kodiyalam, Partha Sarathi Chakraborty]

® Non-commutative Geometry:

This subject tries to extend the reach of differential geometry in the setting of operator
algebras. Geometry can be loosely defined as the study of cycles and their intersection
properties in some suitable homology theory. Noncommutative geometry of Alain
Connes can be viewed as the study of some special cycles in the unbounded picture of
Kasparov’s K-homology. Noncommutative geometry interacts with various branches of
Mathematics like discrete groups, topology etc. It also interacts with mathematical
physics.

[Partha Sarathi Chakraborty, Indrava Roy]

® (*-dynamical systems and non-commutative probability theory:

The subject studies an automorphism group action on C*algebras and its asymptotic
behaviour of stationary states with additional symmetries that arise naturally in a given
mathematical or physical problems of interest. It uses intuition of non-commutative
probability theory and powerful methods of functional analysis to study various
ergodic properties of the automorphism group action.

[Anilesh Mohari]

® Representation theory:

Groups are algebraic structures that arise as symmetries of physical or mathematical
objects. Representation theory studies properties of abstract groups via their matrix
representations. Representation theory enables many group-theoretic problems to be
reduced to problems in matrix algebra, which is very well-understood.

[A. Prasad, K. N. Raghavan, P. Sankaran, S. Viswanath]
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® Topology:
Topology may be described as geometry with or without a notion of distance. It aims
to study properties of these objects, of which curves and surfaces are well-known
examples, which are invariant under deformations. The subject has wide applications
within mathematics as well as in physics.
[P. Sankaran, Sushmita Venugopalan, Dishant Pancholi]

2.1.3 THEORETICAL PHYSICS

The Theoretical Physics group subsumes a very broad spectrum of specializations. These are
conveniently grouped under a smaller number of headings. A very brief description is
provided followed by the names of faculty members currently working in these areas. In
2018-2019, 24 articles were published in journals and conference proceedings.

¢ High Energy Physics: Sub-nuclear constituents of nature and their properties are well
summarized by the Standard Model. This model describes the strong and electro-weak
interactions. The research involves both elaboration of the model as well as
constructing theories that go beyond it. The following grouping refers to different
aspects that are being pursued at IMSc.

— Particle Physics Phenomenology:

The phenomenological aspects of physics at existing and future colliders are studied
with a view to test the Standard Model and seek possible signals of New Physics (or
Physics beyond the Standard Model), a particular focus being data and results
currently coming out of the Large Hadron Collider (LHC) at CERN in Geneva.

[Shrihari Gopalakrishna, V. Ravindran and Rahul Sinha]

Predictions of various scattering processes at colliders are being calculated using
perturbative QCD, which deals with the strong forces in the standard model.
Quantum loop contributions to multileg processes are being included to improve the
accuracy of the predictions.

[D. Indumathi and V. Ravindran]

Several experiments worldwide are studying the physics of “beauty mesons” (B-
physics) in order to explain the observed CP-violation (the dominance of matter over
antimatter). Such studies are also important in the search for physics beyond the
Standard Model.

[Rahul Sinha]

Neutrinos are very weakly interacting particles which have recently been found to
possess a mass. There is involvement in the national proposal to build a Indian
Neutrino Observatory (INO), and in global efforts using neutrino factories to
elucidate the possibility of CP violation in neutrinos, and determining the mass
ordering. Theoretical studies of neutrino masses and mixings are pursued.

[D. Indumathi, Nita Sinha, G. Rajasekaran (Emeritus)]
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Most of the matter in the Universe is “dark”. Beyond the standard model candidates
for this dark matter are being investigated. Experiments are going-on world-wide to
detect this dark matter. IMSc group has interpreted the unexplained Kolar events
seen in the Kolar experiments 50 years ago as due to dark matter particles.

[D. Indumathi, Shrihari Gopalakrishna, G. Rajasekaran (Emeritus)]

— Non-Perturbative QCD:

This deals with widely believed properties of strong forces such as “color
confinement”, “color superconductivity” and “chiral symmetry breaking”. The main
themes of research are the QCD phase diagram and exotic transport properties of
QCD matter far away from equilibrium. In particular we are looking for signals of QCD
(chiral) critical point from first principles lattice gauge theory calculations and
understanding the degrees of freedom and the symmetries across the
deconfinement transition.

[Sanatan Digal, Sayantan Sharma]

— Gravitational Physics:

Einstein’s theory of gravity has a bearing on the theory of our cosmos and also
predicts exotic objects such as neutron stars and black holes. Rotating neutron stars
(pulsars) constitute important observational probes of the strong gravity regime.
Classical general relativity and one of its quantum versions namely, loop quantum
gravity are pursued at IMSc. IMSc members are also interested in the theory and
observations of gravitational waves.

[Manjari Bagchi, Ghanashyam Date]

— Astrophysics:

Astrophysics is in one sense an inter-disciplinary science, where the knowledge in
various other areas of physics including particle physics, gravitational physics,
statistical physics, etc can be tested and enhanced. IMSc has recently expanded its
area of research in astrophysics. So far only pulsar astrophysics is being pursued at
IMSc. In addition to gravitational physics, pulsars are also useful to understand the
state of matter at extreme densities, evolution of stars, properties of interstellar
medium, etc.

[Manjari Bagchi]

— Quantum Field Theory:

This provides a general theoretical framework for the quantum theory of fields. Apart
from the perturbative analyses of quantum field theories used in the theory of
scattering processes, their non-perturbative aspects are crucial for a more complete
understanding.
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There are many different types of quantum field theories such as Conformal Field
Theories, Topological Field Theories, Non-commutative Field Theories, Lattice Gauge
Theories etc.

[Sanatan Digal]

— String Theory:

In the quest for a unified framework to understand and unify all interactions, string
theory is the leading candidate. At IMSc the focus has been on the loop variables
approach, dualities in string theory and supersymmetric gauge theory, the AdS/CFT
correspondence, brane physics including cosmology and black hole entropy.

[Sujay K. Ashok, S. Kalyana Rama, Partha Mukhopadhyay, Balachandran
Sathiapalan, Nemani V. Suryanarayana]

Condensed Matter Physics: Condensed matter physics deals with the understanding
of the diverse properties exhibited by the materials in nature; for example, the
resistivity of materials can vary over about 20 orders of magnitude depending on the
material. Condensed matter physics attempts to understand these behaviour in
terms of simpler models which can then be studied using a variety of theoretical and
computational tools.

— High Temperature Superconductivity:

At very low temperatures, several materials undergo a transition into a
superconducting state, in which an electrical current flows without resistance. The
properties of materials which superconduct at somewhat higher temperatures, the
high-temperature superconductors, is one of the most active areas of research today,
since it raises many theoretical questions of principle and has important implications
for technology.

[Mukul Laad, Gautam I. Menon, G. Baskaran (Emeritus)]

— Correlated Electronic Systems, Magnetism and the Quantum Hall Effect:

The interactions between electrons is responsible for magnetism. Such interactions
are key to several unusual electronic states. Understanding this problem better
would impact our understanding of a host of recently discovered materials with
unusual properties.

[R. Ganesh, Syed Raghib Hassan, Mukul Laad, R. Shankar and G. Baskaran
(Emeritus)]

— Soft Condensed Matter Physics:

Soft condensed matter refers to physical systems in which the energy scales required
to create sizeable deformations are comparable to temperature. Thus, such systems
can exhibit a remarkable variety of complex flow behaviour as well as equilibrium
phases under relatively modest perturbations. The physics of glasses is also an active
area of research.

[Gautam I. Menon, Pinaki Chaudhuri, Satyavani Vemparala]

40



IMSc | aTftfes Ufcrdeer 2018-19

o wisgara Jif3ast

QRGBT AFADI, T AT & ATIHAT BN & UDHIghd AdeR & IR H Ard-drel &
fou gfare gem wrar €| sremaRed @Rl § ced, d9a H e ok was
gfg, TMER yomferdl H yuid beld, qAre A A9 iR g darR Bl ReRdr
Ol I YEd gY, SWIE UEE @ yvnferdl &1 @@ER e B @1 2|
AdbcHY T2Y IHUT YUMol T HiRera! Wifasd!, rdaRerd yomfordl S qR|qur
gorferdl, eem SR =whor, R sl SR ead! @l ARFSE Wifddl, SFeRr
yonferat, gonferdt, Amfrt # gea @ wieal Wifder iR g afefya gonferat #
SHIae, gai H 3MYfg Sida d=r yonferdl H ufaeuvr ofe S Bs &F H Aud W
A Uga B Al © AR AMISTD 3fdfeh fIaRul & FrRar wReAl i Al & Al
T AU AT IMT IS MM & | BeIabvol IR M BTG 3] iR 3770 Rerfay
BT FHEHROT Sl faeg S fcrefierdr snfe 81 § gU Afhd 3rddd & &7 & |

(guIH R, SR, IO, T o8 34, T, R, Rarar Risr, warh i)

o Jguiftid wa T : Tfiwa i Riguid Swam oxa gal @ e iR
AiRega AifFS & Agde FeTIT U AJEUH &F 7 O $8 TR fhamieR
(It @8Ta) | |8 ASHE (O Sasd § 3R Tgadl USRI H) Tb hel-ard gd
981d Bl FHS B ATILIDHAT §RT YA-AIgCArgyl [bdl AT 2 | 9] HRYCATA Bl D
ey A3 FsRR AEle STHE W IR wnia aHaRe, deuifae Hifder @
3MpYD &3 H g STeT U1 X2 © | SMSUATHT gRT 39 &3 H 31w, Bied Rey
ofed 3R digaued afferd axa gfifted RIS el § den fafa= ¥R #al
# yeRid g iR §a Uaig & HrceMa Arsdl @ fog TIe U Huel wIfid a-+ dd
o T 2|

EISPECIECat)

o REY wffds= ik fAlE uymferl @ R Xy gear @R Ini R fafda
gonferal § AdAd T ST BIRIGT A FHN db — O SRS YoMl —iR
AER B IWRIT DI YR BRIarel ATHAT B g1 A1 §RT ARG (AT ST &,
S Sd [T W ART H JURerd & | S Ydbldd FagR &l Wl I1 dl Ylere &
A S ¥ Ao IR—NEAr ¥ R/ AT I SlSHdlel edd & IR Ade!
W s | e | IR X gonferdt aneeriviae iR AT uva gdhe wRd © |
RN Y dddidl § aRifed fed «ft dsnfe gRT omem <& @ S Addl | g9 @
fafdre SereRvr # fgomeH, srraRer R Aiferer v anfe amd € | e’ 9, IH IR
X wfaeie gonferdt fdega |aE, o o dRge gaer W fawd 21 IRE
ORI, arel o iR faferear fasm 9@ & ® 1

(Rram Rien)

41



IMSc | Annual Report 2018-19

@ Statistical Mechanics
Statistical mechanics provides a foundation for thinking about the collective
behaviour of large numbers of interacting particles. The behaviour of systems out of
thermal equilibrium is of particular interest, featuring problems such as fracture in
disordered materials, hysteresis in magnets and surface growth, shock propagation in
granular systems, earthquake dynamics and stability of masonry walls. Given the
generality of the approach of statistical mechanics, it finds application in a huge
range of fields, including study of phase transition and critical phenomena, spin
systems, surfaces and networks, fracture in materials, turbulence in liquids, the
modeling of biological systems and even explaining socio-economic distributions
such as that of income or stock price fluctuations. Cold fermionic atoms at unitarity
and their equation of state leading to universal thermodynamics is a field of active
study in recent years.

[Purusattam Ray, R. Rajesh, Gautam |. Menon, Sitabhra Sinha, Satyavani
Vemparala]

® Theoretical fluid mechanics: The theoretical study of the mechanics and statistical
mechanics of fluids using classical field theories is an area of research that has been
revitalised by the necessity to understand fluid flows at scales that span a few
microns (as in biofluids and in microfluidic devices) to few thousands of kilometers
(as in geophysical flows, such as in the oceans or the atmosphere). Intelligent
numerical approximations to the nonlinear governing equations, combined with their
computational solutions, are able to shed insight into this fascinating area of
theoretical physics. Research from IMSc in the area has appeared in prestigous
international journals, including Physical Review Letters and PNAS, been featured in
numerous news items, and has led to the establishment of a start-up company for
commercializing computational models of fluid flow.

[Ronojoy Adhikari]

® Non-linear Dynamics and Complex Systems: Nonlinear phenomena are ubiquitous in
complex systems all around us - from the cell to society - which are characterized by
a large number of interacting elements exhibiting emergence of surprising systems-
level behavior that is absent in any of its components. The richness of the collective
behavior could come about either through strong nonlinearity in the local dynamics
of the elements and/or from the non-trivial topology of the network connecting
them. Nonlinear systems exhibit surprising and complex effects that would never be
anticipated by a scientist trained only in linear techniques. Prominent examples of
these include bifurcation, chaos, and solitons. Surprisingly, diverse non-linear
dynamical systems exhibit remarkably similar, sometimes even universal behaviour.
Nonlinear science has applications to a wide variety of fields, from mathematics,
physics, biology, and chemistry, to engineering, economics, and medicine.

[Sitabhra Sinha]
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® Quantum Physics: This is a grouping of areas not subsumed under the above
headings and contains the following specializations.

— Quantum Optics:

Broadly, this area refers to the study of quantum states of light. At IMSc, the focus in
this area has been on specifically non-classical (quantum) aspects of radiation. Other
related interests are geometric phases, Wigner distribution functions for finite
dimensional Hilbert spaces etc.

[Sibasish Ghosh, R. Simon]

— Quantum Entanglement, Quantum Information Theory:

Classical states have definite attributes while quantum states can exist as
“superpositions” and have non-classical (probabilistic) attributes. This feature affects
aspects of information science such as coding/decoding, transmission, computing
etc. Aspects of quantum information theory in the context of finite dimensional as
well as infinite dimensional quantum state spaces are being studied.

[V. Arvind, C. M. Chandrashekar, Sibasish Ghosh, R. Simon]

® Interdisciplinary research: There is an ongoing effort, not belonging to any of the
areas above, of an interdisciplinary nature in such diverse areas like the study of
Indus script and seals, historical monsoon shifts, modeling of tsunamis, movement of
Himalayan glaciers, modeling Indian musical instruments, etc.
[R Shankar, Sitabhra Sinha]

2.1.4 THEORETICAL COMPUTER SCIENCE

Theoretical computer science is mainly concerned with the mathematical structure of
computations (as distinct from software development). Various aspects of computation are
studied by the group at IMSc. A very brief description of these specializations is provided
followed by the names of faculty members currently working in these areas.
In 2018-2019, 30 articles were published in journals and conference proceedings
® Algorithms and Data Structures: The main goal of this area is the design of efficient
methods for solving various computational problems and developing methods for
analyzing their performance in terms of the resources used (eg. time, space) and the
quality of the solution. It also involves developing means of storing information, with
small space requirements, and supporting efficient access and update operations.
Another important problem in this area is to develop algorithms for numerical
computation minimizing error propagation. This includes devising ways to quickly
update a solution when the input undergoes a small local change, without building
the solution from scratch.
[V. Arvind, Meena Mahajan, Venkatesh Raman, Saket Saurabh, Vikram Sharma, C.
R. Subramanian]

® Computational Algebra and Geometry: This area is the study of designing algorithms
for various fundamental algebraic and geometric problems. Implementing such
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algorithms has always been challenging due to robustness issues. One aim is to
overcome this issue as efficiently as possible.

[Vikram Sharma, Arijit Ghosh]

Computational Complexity: Broadly speaking, computational complexity theory is
the study of bounds on resources such as time and space required for solving
computational problems. The theory aims at a classification of problems into various
complexity classes defined by resource bounds and seeks to separate them by
proving lower bounds and upper bounds on resources required by the problems.

[V. Arvind, Meena Mahajan]

Design of Efficient and Succinct Data Structures: Succinct storage and efficient
access and update of data that are supplied to and/or generated by an algorithm
plays an important role in making it more efficient. This calls for developing means
for designing and analyzing tools for succinct storage and efficient access of
information

[Venkatesh Raman]

Game Theory and Security: With the advent of the worldwide web as a platform of
computation, traditional models of distributed systems are being re-examined,
incorporating not only co-operation but conflict as well. This brings in game theoretic
considerations and information security aspects, raising new questions of interest.

[R. Ramanujam]

Graph Theory and Combinatorics: This area is the mathematical study of discrete
objects with applications to various branches of Computer Science. It uses tools from
various branches of mathematics such as probability theory, algebra, etc.

[Venkatesh Raman, Saket Saurabh, C. R. Subramanian]

Logic and Formal Models of Computation: This area is concerned with three main
aspects: developing and comparing different mathematical models of computation,
developing and analyzing different tools for logical reasoning as well as applying
them to computational processes and the connection between automata, Petri nets
and algebras on the one hand and logic and program expressions on the other.

[Kamal Lodaya, R. Ramanujam]

Parameterized and Exact Computation: Parameterized Computation is the study of
computational problems based on the feasibility of designing algorithms for
problems where one allows the dependence of running time on the size of a small
part of the input to be arbitrary but requires the dependence on the remaining large
part be polynomially bounded. It also involves designing such algorithms. Exact
Computation is the study of computational problems based on the feasibility of
designing algorithms within various degrees of even exponential dependence of the
running time on the size of the input.

[V. Arvind, Meena Mahajan, Saket Saurabh, Venkatesh Raman, C.R. Subramanian]

46



IMSc | aTftfes Ufcrdeer 2018-19
et oifafaREl 3R wrisa

@ THIHAEE! WANT : S AgREd o & fay Yeu fSRwhe wRawmit @1 faeryor
B BT JIIF & | I§ UTh oY fSRehe AxaRll | Hafta iR Ul &l gersi
% folT 39 WRIS™ &1 JAnT o1 |l 2| Jgied SRamel § WART Rd add
So fefieme feares @ ey # SramRed @ <fardvT 3iR faveyor wfafed g |

(AR, gsmiorR,)

2.2 sgAgE @t RAifread sk geand

HIgeR aq
71 oia Jrll & fog Ui & w9 4§ IFger o a5 e e yanfad fha B |

Alz)=2 t(n)q"=q] ] (1-q'*

n>1 =1

59 & & TR IO & R H M S JTHU ATgeR Uredl & forg Rigernd @l 3iiR
o gar| 39 Riguia &1 faen 1 # ueie TRl @ fog ga Marer| S % qiftw
ORIH, IRT PIoTgeRr, Ae—<C BividaR, Vel—<c Dlotger R VA 8 | IAo & T fbar &
IR ¥ T T Gol FART § ASR BT Brotger oif 41 T (n) #0 & oy n aiferad owar @
| w3 fafire st gRT 39 BIoTdeR &1 S™eT™ fhar a1 § SereRer o, IR, v,
AT 3R U B | SLUH. Selerd & | Wgad Bl H ARUATEd & ARUG. f[dq 3R Ub.
AT 3R Tl T 7 @ & veM k &8 - IR—3 @, 3R iR 59 FEd &g
H & T AR Jed e @dqg 2k 81 IR—3 81| 39 Fefid a1 & forg, 89 Hrge
@ RO TPbld P ST I &, HB 8 8 H [dpad A RIS vk &R -
PIOTFR BT SUINT FA & oif 379 = 2 |

g

o Wi & a1 gggall &1 S &)1 & U AT gedr & UREE crRiffie faweryor
BT MOIR & w7 H SWANT fhar S 81 9gd € §&0 B & YR © YA 9 Ifded
Jfaferdl oI 3R 39 el @l uRady & a1 @9 81 Sa=1 Fel |49+ | R A1, sffdes
3R gH1g @it & uRade &) & AU Jedl UR HIR YUl I HaRd TR BT 3R @Rl
S A= SRAHAS gME a1fSd AR © | O S9D B oY, 39 SRAMGA J9Tdl Bl 8 3iR
faferdl & URads & & WHIdd Jedl Pl JFAN PR d [olY HB AN AlScll bl STINT
frar | W A A AR Jied 9R Ul & e & ek @ fou 9 7 ' &
H U 9gd & ol Alsd Bl A fhar T3, Sl 9k YUl AR REdiel UedR & fofg ol
AT T | 984 © Wel 8 gU, SHHrsd fvewR & @dfdel & 9 faward 99 T | SR
& oI, 59 disd ®l BIhle & FEUITHGAT & IR—Iooitd & IS AT DI ol B & fory
STIRT fhar mar o o Rafefad & fow s=eq

47



IMSc | Annual Report 2018-19

® Probabilistic Combinatorics: This is the study of analyzing random discrete structures
for their typical properties. It also involves applying this paradigm to resolve
existential questions related to discrete structures like graphs. It also involves
designing and analyzing algorithms with respect to their typical performance when
applied to random structures.

[C.R. Subramanian]

2.2 Research Highlights & Events

Modular forms
Ramanujan introduced the famous t function as coefficients of the following infinite
product:

A(z)=2x(n)q"= q] [ (1-¢'*

nx>1 =1

Ramanujan’s investigations of the arithmetic properties of this function led to the theory of
modular forms. Development of this theory led to the solutions of some of the outstanding
problems in mathematics, e.g. Fermat’s last theorem, Serre’s conjecture, Sato-Tate
conjecture and so on. One of the most well-known open problems about Ramanujan’s t
function is a conjecture of Lehmer which states that t (n) # 0 for all n. This conjecture has
been investigated by several distinguished mathematicians, e.g. Deligne, Serre, Rankin,
Selberg and so on. In joint work with J.M. Deshouillers, Y.F. Bilu and F. Luca, Sanoli Gun of
IMSc showed that the first k many t-values are non-zero if and only if infinitely many blocks
of consecutive values of t of length 2k are non-zero. This uses certain techniques of
Ramanujan, some recently developed Sieve theoretic tools and the Sato-Tate conjecture
(which is now a theorem).

Astrophysics

Precision timing analysis of radio pulsars is used as a tool to probe various aspects of
fundamental physics. The most basic task is to measure the spin and orbital periods of
pulsars, and the rate of the change of these periods as accurately as possible. However, the
measured values of the rate of change of the orbital and the spin periods are affected by
different dynamical effects like velocity and acceleration of the pulsars relative to the solar
system.

For the last few decades, some simplistic models have been used to eliminate these
dynamical effects and estimate the intrinsic values of the rate of change of periods.
However, these simplified models are valid only for pulsars close to the solar system.
Recently a more accurate model was developed, which is valid for even pulsars far away
from the solar system. Being very accurate, this model has become popular among all pulsar
astronomers worldwide. For example, this model was used to place the best ever limit of the
non-violation of the universality of free fall, one of the fundamental aspects of Einstein‘s
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general theory of relativity (by Archibald et al. 2018, Nature 559, 730). The python code to
implement this model is developed and the same is publicly available for use by the larger
scientific community at: https://github.com/pathakdhruv/GalDynPsr The paper describing
the model has been published recently by Manjari Bagchi and Dhruv Pathak of IMSc
(Astrophysical Journal, 868(2), 2018). This work is a part of Dhruv Pathak‘s PhD thesis.

Automata, Logic and Concurrency

Since the 1960s, logic has been related to formal language theory. In joint work with Krebs,
Pandya and Straubing over two years, a logic on words was proposed by Kamal Lodaya of
IMSc, extending two-variable logic by relations which specify that a letter occurs between
two positions on the word. These are typical three-variable properties, the idea goes back to
Hilbert (1899). An algebraic condition is found, using operations developed by
Schitzenberger around his (1976) paper, which solves the definability problem for this
intermediate logic, deciding it by an algorithm as in the earlier work. In particular there are
(infinitely many) languages in three-variable logic which are not definable in the
intermediate logic. Given a sentence of the intermediate logic, whether it has a model is
decided using an exponential amount of memory. These computational bounds are shown
to be tight.

Popular Matching in Roommates Setting is NP-hard

An input to the Popular Matching problem, in the roommates setting, consists of a graph G
and each vertex ranks its neighbors in strict order, known as its preference. In the Popular
Matching problem the objective is to test whether there exists a matching M* such that
there is no matching M where more people are happier with M than with M*. In a recent
paper, the computational complexity of the Popular Matching problem was settled in the
roommates setting by showing that the problem is NP-complete. This resolved an open
question that has been repeatedly, explicitly asked over the last decade. This work was
carried out by Saket Saurabh of IMSc with other collaborators.

Discovery of Helium from Andhra Pradesh: (17th August 2018)

This lecture was organized to celebrate the 150th anniversary of the discovery of the
element Helium that happened during a Total Solar Eclipse observed by European
astronomers from Machilipatnam and Guntur in 1868.

Image 1: Path of
Totality on 18 August
1868, calculated by
Major Tennant
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Helium remains the only element to have been discovered first in space, before being found on
Earth. The story of this discovery itself is fascinating the truth behind who among Janssen,
Lockyer and Pogson (of Madras Observatory) should get the credit, was cleared up only a few
years ago. More importantly, this discovery truly marks the beginning of modern astrophysics.

This beginning is intricately linked with the history of thermodynamics, atomic theory, and
chemistry.

https://www.youtube.com/watch?v=eEbSV6HNWGU
Dr. Niruj Mohan Ramanujam presented this lecture.

Image 2: Norman Robert Pogson, Government
Astronomer at Madras Observatory
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Image 3¢ Scale division of the spectroscope micrometer

Science, Journalism, Media: Communicating Science in a Changing India (20th - 21st Aug
2018)

In collaboration with the Indian Academy of Sciences, IMSc organized a two-day workshop on
“Science, Journalism, Media: Communicating Science in a Changing India” during August 20 - 21,
2018. The workshop was organized by Rahul Siddharthan and Gautam Menon from the
Computational Biology group at IMSc. It brought together about 80 panelists and participants,
largely scientists interested in communicating to the public across multiple media and science
journalists with an interest in accurately describing Indian science, its breakthroughs as well as
its problems. It tried to provide scientists with an idea of what journalists really want as well as
to provide journalists with an idea of scientist’s concerns
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about how their work was represented. The workshop was attended by a large number of
journalists, including from such prominent outlets as the Hindu, the Indian Express, the
Eastern Chronicle, Nature India, Anandabazar and the Wire as well as governmental
organizations such as Vigyan Prasar.

Large-scale science funders such as the DBTWellcome India Alliance were represented, as
was the Indian Academy of Science along with scientists from NCBS, TIFR, INSTEM, IITM and
JNCASR. Local language sites such as ippodhu.com, as well several independent science
writers and individuals involved in science communication participated. The format was
based on panel discussions rather than long talks. Each panelist made short presentations
before opening the topic to discussion, enabling active participation by all attendees. Prof. K.
VijayRaghavan, PSA to the GOI, attended the workshop and was part of a panel. The
program was exceptionally successful. Its proceedings were videographed and are available
freely from: https://www.imsc.res.in/scimedia/

- Image 4: Science,

- Journalism, Media:
Communicating Science in a
- Changing India (20th -
21st Aug 2018)

Representation Theory: 5th - 8th Dec 2018

A. Prasad, K N Raghavan, and S Viswanath of IMSc, together with G Thangavelu and S
Mohanty of IISER Thiruvananthapuram, organized the conference “Algebras, Combinatorics
and Representation Theory” at IISER Thiruvananthapuram from 5th to 8th December 2018.
The conference was jointly funded by IMSc and IISER Thiruvananthapuram. The program
consisted of 13 invited talks and 12 contributed talks.

The Stellar Legacy of Prof. Meghnad Saha: 3rd - 4th Jan 2019

This two-day event at IMSc was organized by Manjari Bagchi and Varuni P. to celebrate the
125th birth anniversary of Meghnad Saha. It consisted of a conference and a day of lectures
aimed at school students. It was partially funded by NASI (Chennai local chapter). Eminent
speakers from various institutes (lIA, TIFR, IUCAA, UC-Berkeley, and KIPAC-Stanford)
presented their research work. Around 100 school children participated. Website:
https://www.imsc.res.in/outreach/MSaha2019/
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Quantum Black Holes: 7th Jan 2019

Sujay Ashok organized a public lecture on an encounter between Hawking and Ramanujan
(part of the Nag memorial lecture series) by Atish Dabholkar, International Centre for
Theoretical Physics.

) Nag Memorial Lecture 2019 “ . Ramanujan Auditorium, IMSc
. 5 ; 4pm, 7th Jan 2019
¢ QUANTUM BLACK HOLES x 1% : 5o e contact: sashok@imsc.res.in

‘An encounter between Hawking and_Ramanuja'n_.

Black Holes are an astonishing prediction of
Einstein’s General Relativity with bizarre
causal and quantum prapemes

Ha wkmg djscovered that a duanrum Black
‘Hole is notreally black but is slowly emilting
radiation. Understanding the implications of,
Hawking radiation has proved to be. a very
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General Relativity with Quantum Mechanics
to iearh about the quantum strlicture of
spacetime.

Explorations of quantum black holes
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Image 5: Quantum Black Holes: 7th Jan 2019

Mechanics of Complex Matter: 4th to 7th March 2019

A workshop on “Mechanics of Complex Matter: Criticality, intermittency and collective
behaviour” was organized by Pinaki Chaudhuri and Purusattam Ray at IMSc during March
04-07, 2019. It is the seventh such workshop in the Fracmeet series of meetings that has
been held at IMSc since 2012. The objective of the workshop was to provide graduate
students and researchers with an exposure to the current developments in understanding
how various materials, both soft and hard, in crystalline and amorphous forms, respond to
mechanical perturbations of various kinds leading to plasticity, fracture, flow etc. This year,
the workshop featured speakers from India, France, Spain, and Singapore, both theorists and
experimentalists, signifying the need for an interdisciplinary approach to develop a common
understanding across a wide range of materials, both hard and soft. The workshop also had
strong participation of scientists from IGCAR, thus providing a scope for increased contact
and exploration of possible collaborations between IMSc and IGCAR on the physics of
materials.
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Symposium on Regulatory Epigenomics: 10th-13th March 2019

Rahul Siddharthan of IMSc was one of the four organizers of the Symposium on Regulatory
Epigenomics: From Large Data to Useful Models, held in Muttukadu near Chennai from
March 10-13, 2019. The event was primarily funded by European Molecular Biology
Organization (EMBQO) and DBT-Wellcome India Alliance (IA), with local support and some
funding from IMSc. It featured 19 speakers including 11 international speakers, and about 70
participants, mostly from India. It is one of three symposia funded by EMBO and IA annually
in India. The event was praised by speakers and participants as of very high quality and a
rare opportunity for Indian students to hear about cutting-edge work in this field as well as
to interact with speakers over coffee and meals.

Website: http://meetings.embo.org/event/19-regulatory-epigenomics

Image 6: Symposium on Regulatory Epigenomics: 10th-13th March 2019

2.3 Honours and Awards

V. Ravindran was awarded Fellow of the Indian National Science Academy, for 2018 , by the
Indian National Science Academy.

Areejit Samal was awarded Research Ambassador, for 2018, by the Deutscher Akademischer
Austauschdienst (DAAD) for to promote bilateral cooperation between Germany and India.
This appointment is for the period 2018-2022.

Parameswaran Sankaran was awarded Fellow of the Indian National Science Academy, for
2018, by the Indian National Science Academy.
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HeR T8l § SAdT qRfEhe * ST axe fafed fear S g1 fgdiaa: orgda™ 9R &
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arXiv: 1901.00395 (FFHAfU).
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Saket Saurabh was awarded Swarnalayanti Fellowship, for 2018, by the DST, India.

Sayantan Sharma was awarded Ramanujan Fellowship, for 2018, by the SERB, DST,
Government of India.

IMSc bags two SPARC grants for international collaboration

Sanoli Gun and Amritanshu Prasad received two separate grants under the Scheme for
Promotion of Academic Research Collaboration (SPARC) of the Ministry of Human Resource
Development. Prof. Gun’s proposal on Arithmetical aspects of the Fourier coefficients of
modular forms is for collaboration with Prof. Yuri Bilu of the University of Bordeaux, France.
Prof. Prasad’s proposal in Representation zeta functions is for collaboration with Prof. Uri
Onn of the Australian National University.

Size matters

Rahul Siddharthan and Gautam Menon are investigators, with Leelavati Narlikar (NCL Pune;
principal investigator), Uma Ram (obstretician and gynaecologist at Seethapathy Clinic,
Chennai) and Ponnusamy Saravanan (endocrinologist and professor at Warwick, UK) of a
project “Size Matters” on predicting risk for pregnant women of delivering babies that are
small for gestational age. This project is funded by BIRAC, DBT and the Bill and Melinda
Gates Foundation, and will use data from the Gates Foundations knowledge integration
initiative as well as in-house data from our clinical collaborators, and will run for 18 months
from start of funding. Leelavati Narlikar and Rahul Siddharthan also attended a Gates Grand
Challenges Partners Meeting in New Delhi, from March 14-16, 2019, and presented this
proposal. The meeting was attended by awardees, officials from India, Brazil and Africa, as
well as organizers and platform experts from those countries and the USA.

2.4 Publications

The list of publications follows the following conventions: firstly, names of (co)authors who
are not IMSc members are marked with a superscript *; secondly, the citation labels used for
cross-referencing with the research summary are constructed from the last name of the first
IMSc author and finally the list is ordered alphabetically according to the labels.

COMPUTATIONAL BIOLOGY

Harish Kannan, Emil Saucan®, Indrava Roy, and Areejit Samal.

Persistent homology of unweighted complex networks via discrete Morse theory.
2019.
arXiv: 1901.00395 (Submitted).
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T T HFRISY YA 4 49 waTY, 80(3), 605, 2018.

fauran s@r*, sheR soFEw*, SR Wga RigumrM
fIqele : U@ aaue fu—e RigelRe uguas.
I HRYCIIS Gilaider, 15(3), e1006921, 2019.

fora—fia T8 3R 3rUeTT SIAHETHGRYT SYANT HRD FAEHNT ©T I 1SS CI~EhPH
BRE SIS BT Y.
T 3714, 13(7), e0199771, 2018,

X M IHARIUE, Rty s*, Agwg g1t Yo, wrar 4 fowqoar*, wifa

TA*, AP T Plear*, T %, Uga Rigure, filkeas caa—iu*, odfva ta s
Fraedq FafSd Aaraar ol | AR dfsdcs HMMM 96 S8d HRICSY Tare]3.

2019.

bioRxiv doi:10.1101/533794 (FHfa).

e doa*, sRd. AN, aRd. Rgerw, R Sa*, 8k s A g T
R Acaal @ forv srgad Rt e
YN, Hifele~T hacewd, 118, 347, 2019.

A U iR Maw g ¥4
2018.

(Tafa).
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Shakti Menon, P. Varuni, and Gautam |. Menon.

Information integration and collective motility in phototactic cyanobacteria.
2019.
BIORXIV/2019/590778 (Submitted).

Renu Maan*, Garima Rani, Gautam |. Menon, and Pramod Pullarkat*.

Modeling cell-substrate de-adhesion dynamics under fluid shear.
Physical Biology, 15, 046006, 2018.

Areejit Samal, R.P. Sreejith, Jiao Gu*, Shiping Liu*, Emil Saucan*, and Jiirgen Jost*.

Comparative analysis of two discretizations of Ricci curvature for complex networks.
Scientific Reports, 8, 8650, 2018.

Emil Saucan®*, Areejit Samal, Melanie Weber*, and Jiirgen Jost*.
Discrete curvatures and network analysis.
MATCH Communications in Mathematical and in Computer Chemistry, 80(3), 605, 2018.

Vishaka Datta*, Sridhar Hannenhalli*, and Rahul Siddharthan.
Chipulate: A comprehensive chip-seq simulation pipeline.
PLOS Computational Biology, 15(3), e1006921, 2019.

Vishaka Datta*, Rahul Siddharthan, and Sandeep Krishna*.

Detection of cooperatively bound transcription factor pairs using chip-seq peak intensities
and expectation maximization.

PLOS One, 13(7), e0199771, 2018.

Sundar Ram Shankaranarayanan*, Giuseppe Inairi*, Md Hashim Reza*, Bhagya C
Thimmappa*, Promit Ganguly*, Marco A Coelho*, Sheng Sun*, Rahul Siddharthan,
Christian TellgrenRoth*, Thomas L Dawson Jr*, Joseph Heitman*, and Kaustuv Sanyal*.
Centromere-mediated chromosome break drives karyotype evolution in closely related
malassezia species.

2019.

bioRxiv doi: 10.1101/533794 (Submitted).

Emil Saucan*, R.P. Sreejith, R.P. Vivek-Ananth, Jirgen Jost*, and Areejit Samal.
Discrete Ricci curvatures for directed networks.
Chaos, Solitons Fractals, 118, 347, 2019.

Kamal Tripathi and Gautam I. Menon.

Chromatin compaction, auxeticity and the epigenetic landscape of stem cells.
2018.

(Submitted).
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HHEIIICST TR, 154(11), 2441, 2018.

T, T 3R =g P,
FI—s<U qo & AR UKl & [Ty IMST—UCIET DloldeR TR
BIVT HHICHH, 2019.

(Gp1Ra far ST ®)

. [, S%g, der, IR & ufe
S T & R $ UIHT & 86 Toldey, Bl HBIMON BN,
2019.

(wfda)
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Sudarkodi Venkatesan, R.P. Vivek-Ananth, R.P. Sreejith, Pattulingam Mangalapandi, Ali A.
Hassanali*, and Areejit Samal.

Network approach towards understanding the crazing in glassy amorphous polymers.
Journal of Statistical Mechanics: Theory and Experiment, 4, 043305, 2018.

R.P. Vivek-Ananth, Karthikeyan Mohanraj, M. Vandanashree, Anupam Jhingran*, James P.
Craig, and Areejit Samal.

Comparative systems analysis of the secretome of the opportunistic pathogen Aspergillus
fumigatus and other Aspergillus species.
Scientific Reports, 8, 6617, 2018.

MATHEMATICS

Y. Bilu*, J-M. Deshouillers*, S. Gun, and F. Luca*.

Erratic behavior of Fourier-coefficients of modular forms in short intervals.
Compositio Math, 154(11), 2441, 2018.

S. Gun and W. Kohnen*.

On the Ramanujan-Petersson conjecture for modular forms of half-integral weight.
Forum Mathematicum, 2019.
(To be published).

S. Gun, W. Kohnen*, and B. Paul.

Arithmetic behaviour of Hecke eigenvalues of Siegel cusp forms of degree two.
2019.
(Submitted).

S. Gun, B. Kumar, and B. Paul.

The first simultaneous sign change and non-vanishing of Hecke eigenvalues of newforms.
J. Number Theory, 2018.
(To be published).

S. Gun, M.R. Murty*, and P. Rath*.

Transcendental sums related to the zeros of zeta functions.
Mathematika, 64(3), 875, 2018.

S. Gun, B. Paul, and J. Sengupta*.

On Hecke eigenvalues of Siegel modular forms in the Maass space.
Forum Mathematicum, 30(3), 775, 2018.
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(epTRE fbar ST B)

sNfrara prearer iR o Tgaw*.

GO SIAISTT AT &3 BT FdeToT

URIS]el BIh HedToT Tshadl AR YA UHIRT B0l Fhadl UC Tel, HUTGadHo],
STSHIHAIGAITTUBSRET 2017, RER, A€ 2019

89016025 (THIRA fhar ST B)

YHERAUE*, AR Rig*, 3Rk . shifram.
REfgd TR Ta—%RMl & HI—UBRRE & oy |Aad 949 agqes IgA

vaeT UINeHICHT, 2018
AA180819 (JIRIT fohar ST ©)

ey A,

9I8d JIed, AYUd: AhRIHS 3l 9 IAD FHAATg
Sfcer Uel. SR Rigend, 12(07), 1739, 2018.

el AT

FareH RO 89 & WSS el H Haol Jul(Hl) AAwYdl e
T wifae! &7 G+er, 59(11), 117011, 2018.

IR T R RAERT T

ARG Slee AfNhice TR

3IIIThT ST, eI, 56, 75, 2019.

cfeerg s 9 yfdi+ifdeg Rigera

drorrforg, 1Sspe TiorT 37 GIrT, TSI T Gv Javisesd THHer.
3MR®! TOTAT HqE, fadaR 2018.

(TrpTIRIT BRAT R).
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S. Gun and B. Saha*.

Multiple Lerch zeta functions and an idea of Ramanujan.
Michigan Math J., 67(2), 267, 2018.

S. Gun and Jyothsnaa Sivaraman.

On existence of Euclidean ideal classes in real cubic and quadratic fields with cyclic class
group.

Michigan Math J, 2019.

(To be published).

Srinivas Kotyada and Subramoni Muttukrishnan*.

A survey of Certain Euclidean Number Fields.

In Azizul Hoque Kalyan Chakraborty and Prem Prakash Kalyan Chakraborty et al, editors,
ICCGNFRT 2017. Springer, Mar 2019.

89016025 (To be published).

Sankaranarayanan A*, Saurabh Singh*, and K. Srinivas.
Discrete Mean square estimates for Coefficients of Symmetric power L- functions.

Acta Arithmetica, 2018.
AA 180819 (To be published).

Anilesh Mohari.
Extremal unital completely positive maps and their symmetries.
Complex Anal. Oper. Theory, 12(07), 1739, 2018.

Anilesh Mohari.
Spontaneous SU,(C) symmetry breaking in the ground states of quantum spin chain.
Journal of Mathematical Physics, 59(11), 117011, 2018.

Avijit Nath and Parameswaran Sankaran.

On generalized Dold manifolds.
Osaka Jour. Math., 56, 75, 2019.

Amritanshu Prasad, Digjoy Paul, and Arghya Sadhukhan*.

Tableau correspondences and representation theory.

In International conference on algebra, discrete mathematics, and applications,
Contemporary Mathematics.

American Mathematical Society, Dec 2018.

(To be published).
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TACIHIST HHE 3R dravial fgfdvar @ forg whe oo,
2019.
arXiv: 1902.02465 (FHAfU).

ATy TS
FAIE o 3iF TIRS aed
T HUHICHT ¥gST, 87(3—4), 1, 2018.

i .E
Qifdeh AMTSS BT TIgrs 9.
2018.

(Tafda).

Q. WEEA, 9. GaR*, AR vowd fasrr

ey SRR o SR & IR—RYgeg ®Igie AHRIY ufded & oy b
SRieloMadd 3R Il didbcd 499 & dra Redr

[R¥IqY 9—11, 2017 & GINTT SIRTIEIE, FERTSST H SN THPIAT T 4« JISTTfor,
SRepe 10T SIIR GIIFTT ¥ SRS WHHeTT T ®reiged, HRaXl 2019

(BT HRAT B).

foren sE*, $A. Tuaw, e wikis*, oy ¥, 3R devT e
RFgeE A Ha—F 3! ST & S Uvnferl,

2019.

arXiv: 1902.06413.

T, AT 3R TRASRA S

I o W ¥ NSTAIA olfchl # fCawes Higirdl 3R Fardl TsaHicd gl
Y]E g GG TG BT AT T, 2018,

(TFRTFIT BRAT R).

TRAERA AR

FARY MsAdg iR RGeS

UTRI—3oTs fof Tad gl va.fear 4. &, =, 1. T, duresdh
T faeetyor 3iiv Fisfer T % TaT. RETR, TaRaR 2018,
(TRTRIT BT B).

67



IMSc | Annual Report 2018-19

Thangavelu Geetha*, Amritanshu Prasad, and Shraddha Srivastava.

Schur Algebras for the Alternating Group and Koszul Duality.
2019.
arXiv:1902.02465 (Submitted).

Amritanshu Prasad.

Knuth’s moves on timed words.
The Mathematics Student, 87(3-4), 1, 2018.

Amritanshu Prasad.

A timed version of the plactic monoid.
2018.
(Submitted).

K.N. Raghavan, B. Ravinder*, and Sankaran Viswanath.

A relationship between Gelfand-Tsetlin bases and Chari-Loktev bases for irreducible finite
dimensional representations of special linear Lie algebras.

In Contemporary Mathematics: Proceedings of the International Conference on Algebra,
Discrete Mathematics and Applications held at Aurangabad, Maharashtra, India, during 9—
11 December 2017., Feb 2019.

(To be published).

Lisa Carbone*, K.N. Raghavan, Biswajit Ransingh*, Krishanu Roy, and Sankaran Viswanath.

n-systems of symmetrizable Kac-Moody algebras.
2019.
arXiv: 1902.06413.

T. Mubeena* and Parameswaran Sankaran.

Twisted conjugacy and quasi-isometric rigidity in irreducible lattices in semisimple lie groups.
Indian Journal of Pure and Applied Mathematics, 2018.
(To be published).

Parameswaran Sankaran.

Quasi-isometry and rigidity.

In X.-Z. Li X. Cao S. Deo. P. K. Roy, P. Das, editor,

Mathematical Analysis and Applications in Modeling. Springer., Oct 2018.
(To be published).
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(T BRAT R).

JTERT Aisa™* R IRASRA e

g sfafeaT Rmfesd &= ok sremfie ufafafeal & samda arsfed.
WYY GHE, 2019,

(BT HRAT B).

ST RERTE

fafdrse Y& &1 IR BRD SidAfSIT ST a1 BT SUSTEIdT.
2018.
(TR BRAT R).

ST R{eRmE=

2018

(FAfda).

I Jaa* 3R giwar JupTaTe.
RIIR Previc dsi ¥ Ricifded Brsecs el 2018.
arXiv: 1809.10363 (FHfUQ).

gt R
o B MNP, ARG qoerd, AT oo *, Yok Sagfdaar*, aRargfsar we*, aour Jwr,
Tl TR, fg fdaasd iR e

ST Hifad! STei—v, 2018. 1807.06316
(TR BRAT R).

T2 YS! 3R Al fgadt H qeliy wared
AT gifasT THear—w1 2019.
arXiv: 1901.09630 (AfUA).
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Parameswaran Sankaran.

The vector field problem for homogeneous spaces.

In Jie Wu. Mahender Singh, Yongjin Song, editor, Algebraic topology and related topics.
Proceedings of the Seventh East Asian Conference in Algebraic Topology., page 223. Springer-
Verlag., Jan 2019.

Daciberg L. Gongalves* and Parameswaran Sankaran.

Twisted conjugacy in PL-homeomorphism groups of the circle.
Geometriae Dedicata, 2018.
(To be published).

Arghya Mondal* and Parameswaran Sankaran.

Geometric cycles in locally hermitian symmetric spaces and automorphic representations.
Transformation Groups, 2019.

(To be published).

Jyothsnaa Sivaraman.

Existence of Euclidean ideal classes beyond certain rank.
2018.

(To be published).

Jyothsnaa Sivaraman.

Primitive roots for Pjateckii-Sapiro primes.
2018.

(Submitted).

Francisco Presas* and Sushmita Venugopalan.
Symplectic foliated fillings of sphere cotangent bundles.
2018.

arXiv: 1809.10363 (Submitted).

THEORETICAL PHYSICS

Sujay K. Ashok, Sourav Ballav, Marco Billo*, Eleonora DellAquila*, Marialuisa Frau*, Varun
Gupta, Renjan R. John*, and Alberto Lerda*.

Surface operators, dual quivers and contours.

European Physics Journal - C, 2018.

arXiv: 1807.06316 (To be published).

Sujay K. Ashok, Sourav Ballav, Marialuisa Frau*, and Renjan R. John*.
Surface operators in n=2 SQCD and Seiberg duality.

European Physical Journal - C, 2019.

arXiv: 1901.09630 (Submitted).
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TV Wi § GFRY], 2018.

arXiv: 1810.07919 ().
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arXiv: 1812.05822 (FFHAfU).
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AT h T STI-THET.
2018.
arXiv: 1805.00755 (FAUQ).

3. wWaa*, f. H3A*, O TANURE*, . I, O SHart, TH. THaR-Sforaed®,
AfEAST*, . ASArTfe T, o6, (oMMaE*, T4 &fR*, 0. §o*, U9 DFReE®,
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YITHRIR J2234+0611: AR SaATYRM & oIy U AT TANTRIAT

Uvgl #ifdel oer, 870(2), 74, 2019.

A4

TR Sy, siffar @k, frurem 2, Ta. 8, T MUGAR, 34, @, Y. FTVGEAR, I
JRMRET 3R SNUHIRE & 1Y SF ok SR 3R UodiR 3RS HIfdl § BT T
39 51, \Ued, 3S%gl Hifadl SV @iler GHer, (39) 2018 § SRgIICHe wifadl ik
BIRAIA H BT ST BT BRI, JIITIX FIdPB] BT FIET FRIT, BITBId], IR,
H ATd 6—9, 2018, 3TRT 2018 B AT TUIHISITH—2018

el aspadi, et fsm*, iR aiffart dRwvir,
S & A1 AMIgGd Rbdba— areaRgfa gRecd
FARIB SN FaTvTY TOIIHYT, 2019.

arXiv: 1901.09048 (FHfU).

g @ Wfe*, et et ok wRifsra satee*.
IFIHR B & HehAUT Uit 9= AT &1 g
2018.

arXiv: 1808.09723 (FAfUQ).
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Sujay K. Ashok, Dileep P. Jatkar*, and Madhusudhan Raman#*.

Aspects of Hecke Symmetry Il: Anomalies, Curves, and Chazy Equations.
Communications in Mathematical Physics, 2018.

arXiv: 1810.07919 (Submitted).

Sujay K. Ashok and Jan Troost*.

A Duality in two-dimensional gravity.
Journal of High Energy Physics, 2018.
arXiv: 1812.05822 (Submitted).

Trilochan Bagarti and Shakti N. Menon.

Milling and meandering: Flocking dynamics of stochastically interacting agents with a field of
view.

2018.

arXiv: 1805.00755.

K. Stovall*, P. Freire*, J. Antoniadis*, M. Bagchi, J. Deneva*, N. Garver-Daniels*, J.
Martinez*, M. MclLaughlin*, Z. Arzoumanian*, H. Blumer*, P. Brook*, H. Cromartie*, P.
Demorest*, M. Decesar*, T. Dolch*, J. Ellis*, R. Ferdman*, E. Ferrara*, E. Fonseca*, P.
Gentile*, M. Jones*, M. Lam*, D. Lorimer*, R. Lynch*, C. Ng*, D. Nice*, T. Pennucci*, S.
Ransom#*, R. Spiewak*, I. Stairs*, J. Swiggum#*, S. Vigeland*, and W. Zhu*.

PSR J2234+0611: A new laboratory for stellar evolution.

The Astrophysical Journal, 870(2), 74, 2019.

BhalChandra Joshi*, Prakash Arumugasamy*, Manjari Bagchi, Debades Bandyopadhyay#*,
Avishek Basu*, Neelam Dhanda Batra*, Suryarao Bethapudi*, Arpita Choudhary, Kishalay
De*, L. Dey, A. Gopakumar, Y. Gupta, KA Krishnakumar, Yogesh Maan, PK Manoharan, Arun
Naidu, Rana Nandi, Dhruv Pathak, Mayuresh Surnis, and Abhimanyu Susobhanan.

Precision pulsar timing with the ORT and the GMRT and its applications in pulsar
astrophysics.

In 51, editor, Journal of Astrophysics and Astronomy, 39 (2018). Proceeding of the workshop
Advances in Astroparticle Physics and Cosmology, APCOS-2018 held at Saha Institute of
Nuclear Physics, Kolkata, India; during 06 - 09 March, 2018., Aug 2018.

Subhroneel Chakrabarti, Deepali Mishra*, Yogesh K. Srivastava*, and Amitabh Virmani*.
Generalised Garfinkle-Vachaspati Transform With Dilaton.

Classical and Quantum Gravity, 2019.

arXiv: 1901.09048 (Submitted).

Bhanu P. Bhowmik*, Pinaki Chaudhuri, and Smarajit Karmakar*.
Effect of pinning on the yielding transition of amorphous solids.
2018.

arxiv: 1808.09723 (Submitted).
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TR 2R & U YGTR H FAIBROT DT ST
WIHT HTv, 15, 415, 2019,

AR [ar, A= D, SR 9%, ik wfa . ¥
fg 3MARIY TRA HXCAl BT T IR

65532, 2018.

arxiv: 1812.06487 (FHfU).

fergd-dTel HelTd § 3rIad IR—frf+T
2018.
arxiv: 1809.06128 (AAfUA).

o TaRl H = Ay dc.
2019.
arxiv: 1902.05484 (FAMQ).

TG WReR*, A e &k siffefa 9+
HSR I H Uifolfshiee BT 9814

2018.
arxiv: 1809.02068 (FAfUA).

ofexd sfeefaeE, Rifdrerdar snixieier wffafora drear § WiedemRa <far 4o & forw
THIHNOT HURET YST HRId 2.

2019.
arxiv: 1902.01163 (FAfUq).

S §ify, TEEE. Tew*, 3R 3R, WMo
g fopie & JIgadl H gahT & TR : BESISaTmad a1 Rigele™l & dra Jor.

2018.
arxiv: 1812.03638 (FFHAfU).

wfed @A, 79, 4. Qe ok Ryamm e

ARG WS W H IR—FJ GHAY & ©F § FEAN B I§d
qifa®s! 4 HIFIY, 6, 34, 2018.
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Raffaela Cabriolu*, Juergen Horbach*, Pinaki Chaudhuri, and Kirsten Martens*.
Precursors of fluidisation in the creep response of a soft glass.
Soft Matter, 15, 415, 2019.

Mohit Gupta*, Pinaki Chaudhuri, Jeremie Bec*, and Samriddhi S. Ray*.

Turbulent route to two-dimensional soft crystals.
65532;, 2018.
arXiv: 1812.06487 (Submitted).

Ehsan Irani*, Pinaki Chaudhuri, and Claus Heussinger*.

Discontinuous shear-thinning in adhesive dispersions.
2018.
arxiv:1809.06128 (Submitted).

Rituparno Mandal*, Pranab J. Bhuyan*, Pinaki Chaudhuri, Chandan Dasgupta*, and
Madan Rao*.

Extreme active matter at high densities.

2019.

arXiv:1902.05484 (Submitted).

Tanmoy Sarkar*, Pinaki Chaudhuri, and Anirban Sain*.
Flow of polycrystals in rough channels.

2018.

arXiv:1809.02068 (Submitted).

R. Janaki, Shakti N. Menon, Rajeev Singh, and Sitabhra Sinha.

Lateral inhibition provides a unifying framework for spatiotemporal pattern formation in
media comprising relaxation oscillators.

2019.

arXiv:1902.01163.

J. P. Joy, S. N. Pathak*, and R. Rajesh.

Shock propagation following an intense explosion: comparison between hydrodynamics and
simulations.

2018.

arXiv: 1812.03638 (Submitted).

Shakti N. Menon, V. Sasidevan, and Sitabhra Sinha.

Emergence of cooperation as a non-equilibrium transition in noisy spatial games.
Frontiers in Physics, 6, 34, 2018.
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Aol R 3 R w7l - dhs H TR 3Tgdell ITfasierar, RifSrerar THa—w el
& fafderar 9 a1 & Faa 2|

dsirfAe gfadeT 8, 13230, 2018.

ST HogalR RAFATOT wieaem! § IR—ATge e,
2018.

arXiv: 1807.01243 (FAfUq).

™ @ v A, aRRifE 3o*, ok o 3 agdt,

gf~coRl & IIRTCIfed 3TelT UTgd fawre=i o
2018.
arXiv: 1904.02776 HYJ UFE!, AME 22 2019 (% Y@ § &7 |\{Uq).

™ & @ ff, 9P d5*, 3o @ Agd*, iR e acat.
faftre =rqant fawrel &1 srel—eai faweryor
Yifas THIET E, 98, 052131, 2018.

a9 f$Afeq eaf & A Aifqa &1 @
g . g€ Yifasl, A33(32), 1850194, 2018.

TaUagl # IR SfeAT iR Ieiqarad & S

fer Ra, DE8(9), 095004, 2018.

UGod 3id 3iR ITerav=T qeuTer

ARG AT e Riged & oy slamThe 9e1 Hri
Yifcrep! IS ST 2018.
arXiv: 1809.10758 (JHTRIT HRAT B).

¢d TS 3R Hrd qrdr
AT TR @ GAT AT JATdcd Faedl & JeIfd gRadd & &% § SRAHGA 94919

AN TRIBT AR IAD F91d H I
3T wifaal oicr, 868(2), 123, 2018.

A yarg, ST, T gufea*, iR IR, WO

=t Iger ¥ & Frafa wRa faavor 2018,
arXiv: 1804.02558 (FFHAfU).
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Tanmay Mitra, Shakti N. Menon, and Sitabhra Sinha.

Emergent memory in cell signaling: Persistent adaptive dynamics in cascades can arise from
the diversity of relaxation time-scales.

Scientific Reports, 8, 13230, 2018.

Tanmay Mitra, Shakti N. Menon, and Sitabhra Sinha.
Non-associative learning in intra-cellular signaling networks.
2018.

arXiv:1807.01243.

M V N Murthy, Matthias Brack*, and Rajat K. Bhaduri*.
On the asymptotic distinct prime partitions of integers.
2018.

arXiv:1904.02776.

M V N Murthy, Matthias Brack*, Rajat K. Bhaduri*, and Johann Bartel*.
Semiclassical analysis of distinct square partitions.
Physical Review E, 98, 052131, 2018.

Aritra Biswas, Sanjoy Mandal, and Nita Sinha.
Searching for New physics in Charm Radiative decays.
Int.J.Mod.Phys., A33(32), 1850194, 2018.

Sanjoy Mandal, Manimala Mitra, and Nita Sinha.
Probing leptoquarks and heavy neutrinos at the LHeC.
Phys.Rev., D98(9), 095004, 2018.

Prafulla Oak and Balachandran Sathiapalan.

Holographic beta functions for the generalized sine gordon theory.
Physical Review D, 2018.
arXiv:1809.10758 (To be published).

Dhruv Pathak and Manjari Bagchi.

Dynamical effects in the observed rate of change of the orbital and the spin periods of radio
pulsars: Improvement in the method of estimation and its implications.
The Astrophysical Journal, 868(2), 123, 2018.

V. V. Prasad, D. Das*, S. Sabhapandit*, and R. Rajesh.

Steady state velocity distribution of driven granular gases.
2018.
arXiv:1804.02558 (Submitted).
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S ArR*, T gug*, AR, Hea*, iR AR, REr

e AT & T Ry 3R R(D') faxinferat &1 =
~gfaerae Hifael d) 933, 433, 2018.

RA & 3 wwy IST BT GIE0
gifaw! WHET, DY, 033006, 2019,

AT 4G & A1 79 HIfTD! BT @l
ver Yifad! glerl, B49, 1371, 2018.

TATAST aca*, §. et T teeE. fAsat, U i Ra*, . I, aR. @9*, 8k IR
GES

BIeH 3R 9319 TTTRIgHYT &l A19+ & foru feafea fi—aai= e
arXiv: 1902.04870 [hep-ph].

TT. Seller™, TH, Mo, SR, YO 3R T4l Ha- R,

TId SHoll Ira:fehar e dfe ITMIRYT STIRT BB THAURIT R IRgp 3T foham
giforR & B yRed

TR&IPH Hpl-aRT ST, 2018, 113301, 2018.

Yeq RO Aeqd ATSTSUANT ok SdRRRIT g€l & HRING HaddR TR IRINST 3R
Hfga FIER BI YAl

Stafafdedla GrETl & Ablad) FTev BT oIl 83, 108, 2018.

R RATA, gad aat, Mad T, T & €A1, 3 J@urear, @Y. W& SR SERET
Prard

NNLO, +NNLLH RIS—¥heiR &5 e & g AT gaad dH=eH faaro,
SUFS Y, 1812, 105, 2018.

arXiv: 1805.12553 [hep-ph]. 10.1007/JHEP12(2018)105.

TQd. 3O, AP SOl IS @hadl, TG . G, YOl @i, AR o AR 9.
e

b+b > H+HURTCTS ¥ & U FgAET FoIR

arXiv: 1811.01853 [hep-phl.
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D. Choudhury*, A. Kundu*, R. Mandal*, and R. Sinha.

Rk+ and R(D(*)) anomalies resolved with lepton mixing.
Nucl Phys. B, 933, 433, 2018.

A. Karan*, R. Mandal*, and R. Sinha.

Testing wwy vertex in radiative muon decay.
Phys. Rev., D99, 033006, 2019.

R. Mandal* and R. Sinha.

Searching new physics with beauty mesons.
Acta Phys. Polon., B49, 1371, 2018.

L. M. G. Martn*, B. Jashal*, F. M. Vidal*, A. Oyanguren*, S. Roy*, R. Sain*, and R. Sinha.

Radiative b-baryon decays to measure the photon and b-baryon polarization.
arXiv: 1902.04870.

A. A. Jaleel*, M. Ponmurugan®*, R. Rajesh, and S. V. Satyanarayana®.

Phase transitions in a linear self-interacting polymer on FCC lattice using flat energy
interacting growth walk algorithm.
Journal of Statistical Mechanics, 2018, 113301, 2018.

Ashwij Mayya*, Anuradha Banerjee*, and R. Rajesh.

Role of porosity and matrix behavior on compressive fracture of haversian bone using
random spring network model.
Journal of the Mechanical Behavior of Biomedical Materials, 83, 108, 2018.

Neelima Agarwal, Pulak Banerjee, Goutam Das, Prasanna K. Dhani, Ayan Mukhopadhyay,
V. Ravindran, and Anurag Tripathi.

Resummed transverse momentum distribution of pseudo-scalar Higgs boson at NNLO,+
NNLL.

JHEP, 1812, 105, 2018.

arXiv:1805.12553.

A.H. Ajjath, Pulak Banerjee, Amlan Chakraborty, Prasanna K. Dhani, Pooja Mukherijee,
Narayan Rana, and V. Ravindran.

Two-loop QCD corrections to b + b>H+H amplitude.
arXiv:1811.01853.
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YAd Soit, WfHAT SIRIGHT, T8~ & &, o T80 3R Y. desA

g+g->H+H IR a5 vRforeys & foly a1 o wed RS! gur.
SIUgg YT 1811, 130, 2018.

arXiv: 1809.05388 [hep-ph]. 10.1007/JHEP11(2018)130.

YAd SeToll, Sl ashac!, T & &1, 91 e iR weafora w1

N — 4 THAIeH Rygeaid # fgiia omer R o 3R g75e RT i AR
SIUgEY 1904, 058, 2019.

arXiv: 1810.07672 [hep-th]. 10.1007/JHEP04(2019)058.

qad Ieit, TiaH S, T &, 991 AR 4L e

TG & [TE Y IeTed & oy gavTil faaRor 4 Jsles XqH e
PoS, LL2018, 043, 2018.
arXiv: 1807.04583 [hep-ph]. 10.22323/1.303.0043.

Ad IoiT, Tiad S, T @, &9 3R AL W&

NNLO+NNLL. ¥ g I S<UTed &b oY gavfa faaRor &1 gdsies REHT
qifcd <HIeT, D8(5) 054018, 2018.

arXiv: 1805,01186 [hep-ph]. 10.1103/PhysRevD.98.054018.

YeTd SOl TIaH QR, TS &, o iR AL <dimA
FIARET # I U & T olc B

qifcd wHiem, D98(5) 094016, 2018.

arXiv: 1805.02637 [hep-ph]. 10.1103/PhysRevD.98.094016.

qrorara JAuTa IR e |iFrer™.

ST e fded BT TR

T Hifa®! & 2019.
IMSc/2019/02/01 (FHUA).

RLESE R L]

FIAET B W g YT
39 UeIvN, (eifevT 2018) 009, 2019.

arXiv: 1901.07190.

$*, AR, |a=E Tt ok $%, gRate

A H R RTEMER & FHIY SIdroTdhd a9
qifd®s! g3, 2019.

arXiv: 1811.07914 (FHUq)
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Pulak Banerjee, Sophia Borowka, Prasanna K. Dhani, Thomas Gehrmann, and V. Ravindran.

Two-loop massless QCD corrections to the g + g > h + h four-point amplitude.
JHEP, 1811, 130, 2018.
arXiv:1809.05388

Pulak Banerjee, Amlan Chakraborty, Prasanna K. Dhani, V. Ravindran, and Satyajit Seth.

Second order splitting functions and infrared safe cross sections in N = 4 SYM theory.
JHEP, 1904, 058, 2019.
arXiv:1810.07672

Pulak Banerjee, Goutam Das, Prasanna K. Dhani, and V. Ravindran.

Threshold resummation in the rapidity distribution for a colorless particle production at the
LHC.

PoS, LL2018, 043, 2018.

arXiv:1807.04583

Pulak Banerjee, Goutam Das, Prasanna K. Dhani, and V. Ravindran.

Threshold resummation of the rapidity distribution for Drell-Yan production at NNLO+NNLL.
Phys.Rev., D98(5), 054018, 2018.
arXiv:1805.01186

Pulak Banerjee, Prasanna K. Dhani, and V. Ravindran.

Gluon jet function at three loops in QCD.
Phys.Rev., D98(9), 094016, 2018.
arXiv:1805.02637

Balachandran Sathiapalan and Hidenori Sonoda*.

Holographic Wilson’s RG.
Nuclear Physics B, 2019.
IMSc/2019/02/01 (Submitted).

Sayantan Sharma.

Recent progress on the QCD phase diagram.
In PoS, (LATTICE 2018) 009, 2019.
arXiv: 1901.07190 (Submitted).

E.* Larsen, Sayantan Sharma, and E.* Shuryak.

The topological objects near the chiral crossover transition in QCD.
Phys. Letters B, 2019.
arXiv: 1811.07914 (Submitted).
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SR MU AR FPUTHE IgH
JFeR S BIHA & |1 31 d6hH Rerar
arXiv: 1812,11303 [hep-ph]. (FHUq).

T. whadl, TE. $9% SR Ry Rier

faws Sifee yomell & IAR <eMd FdeR § AeIAGd A [daed acal & 3fidaRke o
BT Ybe PRl & | ARSI BT HAlhS BT TR,

f1%pT A, 509, 599.610, 2018.

. wfdmcad, v gua &k dranm Risr

ol EI@ 31[6’06| |(?|U{>C'1 SICI(\I % . Cbl‘{-i PERS) iPEICNUI SERINRCASEIE Qsﬂ\cq UuiC dhl Y ?IEI‘
oY SUoleT B,
Yifad e E, 98, 2018.

T. 39T, .. A9, 9. wiffeaq sl Hanim Rigr

AHEH -icad TR AEHRI IuTd] [IaReT arefesl JaTg AISTHIel # 3T qe-iaret
UHid Ufhell Pl FeIRd HRal ©.

IOV HRICIT SAq-1dsi, 6, 34, 2019.

(Hrena).

C

. e, €. ded, 9. g*, I R®*, 3R IR oy

AP dfcd R e FF YuTTell & B9 =3 2019.
arXiv: 1902.06408 (FFHAfU).

Agyifor Hege e
. aRfdg, enRife deof, Uit T, sk areif JaEmar*,
¥, &M 3R SRl @1 H&T gRT IRFIeNgss JARAT e ARl

JAT el R aRdIY wisar ¥, Fued, FHCIIN Gienfiial $1 Jae 3K deeniae Hrgey
[, THEUECICIHITE, 2018, UG 7:1. QI AL AT UHRM R, fGHaR 2018,

1. arfdg, snnfae dest, o s, &k gt @,

gifeHifgel & geMe ATl STINT &Ra G dal YelReH
In CoRR arxiv, % 1. 2018.
arXiv: 1807.04496 (FFHAfU).

TIBIR—IHT STIRIT WX : SUUTH T IR Geferd UT%h efor
In CoRR arxiv, & 1. 2018.
arXiv: 1811.04801.
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Shrihari Gopalakrishna and Arunprasath Velusamy.
Higgs vacuum stability with vector-like fermions.
arXiv:1812.11303

A. Chakraborty, S. Easwaran, and Sitabhra Sinha.

Deviations from universality in the fluctuation behavior of a heterogeneous complex system
reveal intrinsic properties of components: The case of the international currency market.
Physica A, 509, 599-610, 2018.

V. Sasidevan, A. Kushal, and Sitabhra Sinha.

When big data fails: Adaptive agents using coarse-grained information have competitive
advantage.

Physical Review E, 98, 2018.

A. Sharma, S. N. Menon, V. Sasidevan, and Sitabhra Sinha.

Epidemic prevalence information on social networks can mediate emergent collective
outcomes in voluntary vaccine schemes.

PLOS Computational Biology, 6, 34, 2019.

(Accepted).

N. Vigneshwar, D. Mandal, K. Damle*, D. Dhar*, and R. Rajesh.
Phase diagram of a system of hard cubes on the cubic lattice.
20109.

arXiv: 1902.06408 (Submitted).

THEORETICAL COMPUTER SCIENCE

V. Arvind, Abhranil Chatterjee, Rajit Datta*, and Partha Mukhopadhyay*.

Univariate ideal membership parameterized by rank, degree, and number of generators.

In Sumit Ganguly and Paritosh Pandya, editors, Foundations of Software Technology and
Theoretical Computer Science, FSTTCS 2018, page 7:1. Dagstuhl Research Online Publication
Server, Dec 2018.

V. Arvind, Abhranil Chatterjee, Rajit Datta*, and Partha Mukhopadhyay*.
Fast exact algorithms using Hadamard Product of Polynomials.

In CoRR arxiv, page 1. 2018.

arXiv:1807.04496.

V. Arvind, Frank Fuhlbrueck*, Johannes Koebler*, and Oleg Verbitsky*.

On Weisfeiler-Leman Invariance: Subgraph Counts and Related Graph Properties.
In CoRR arxiv, page 1. 2018.

arXiv:1811.04801.
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1. aRfd, TR ATt &R Rg T,
iRGRcfed difo e HaeRgHeH & Jfieadl R
faavor @ HFYCIT, 262(2), 22, 2018.

a9 PRITR JHRT
FHT 2018, g 2018,

Tfeiiedr aisd UT% &1 WeRETg : fAeRid Swa don = a9~s WIUHsR 2018: 29—40.
YRR # SRS HrRqey 39T RIiim 8 HITasiN—HrgeN 35 RIEnd 3k 2T,
IS 29. YR ISTeT, 31 2018.

3 I UTH I IRY & foIv wsuxaEr
3 IRN 3R, B SX 3R TSNS &84, U ST IR W 264 arffe R &t
BRI (2018). forftad 3T 2018

RLZARERILLE|

T B AT ISR & AT VSH IR cdd
3L Fea®, 2018.

(TR HRAT B 1)

SIS de IR BT RS IRMfCRAT

39 WeR 4l BIAT 3R fSfa Y. dreika! dutad, 97 § 1391 ARSI HRgev [der

REgIRE (HIveair), I 157, RETR, S 2018,

IRE. Hfcasr, oy St Fsm*, iR THAFIR . e
hHcH B Ahad & oIy THUICT TR

24%f SARIGIT TTHeTT 3R BIIHCIRTT BB, Sfells 2018,

Arsforet VBT o1 IRTHICTSSS Sifeerdr : JIf=TdT e Tavam =8 &
1391 GfcT SRS Heeniad g7hrHICaT RIFINIT (elfcT 2018), U 2018
(TBTRIT BT )
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V. Arvind, Pushkar Joglekar*, and Gaurav Rattan*.

On the complexity of noncommutative polynomial factorization.
Information and Computation, 262(2), 22, 2018.

Niranka Banerjee, Varunkumar Jayapaul*, and Srinivasa Satti*.

Minimum transactions problem.
In COCOON 2018, May 2018.

Niranka Banerjee, Venkatesh Raman, and Srinivasa R. Satti*.

Maintaining chordal graphs dynamically: Improved upper and lower bounds. csr 2018: 29-
40.

In International Computer Science Symposium in Russia, CSR-Computer Science theory and
applications, page 29. Springer Verlag, Apr 2018.

Sankardeep Chakraborty, Anish Mukherjee*, Venkatesh Raman, and Srinivasa R. Satti*.

A framework for in-place graph algorithms.
In Yossi Azar, Hannah Bast, and Grzegorz Herman, editors, Proceedings of the 26th Annual
European Symposium on Algorithms (2018). LIPICS, Aug 2018.

Ghurumuruhan Ganesan.

Random access networks with separable schemes.
IET Networks, 2018.
(To be published).

Dishant Goyal*, Ashwin Jacob, Kaushtubh Kumar*, Diptapriyo Majumdar, and Venkatesh
Raman.

Structural Parameterizations of Dominating Set Variants.
In Fedor V. Fomin and Vladimir V. Podolskii, editors, 13th International Computer Science
Symposium in Russia (CSR), page 157. Springer, Jun 2018.

R. D. Krithika, Pranabendu D. Misra*, and Prafullkumar M. Tale.

An fpt algorithm for contraction to cactus.
In The 24th International Computing and Combinatorics Conference, Jul 2018.

R. Krithika, Abhishek Sahu, Saket Saurabh, and Meirav Zehavi*.

The parameterized complexity of cycle packing: Indifference is not an issue.
In 13th Latin American Theoretical Informatics Symposium (LATIN 2018), Apr 2018.
(To be published).
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Redratl & &= <1 IRIge St & A1 AR o gfdbar
9 S R &R 31 W, |uTed 479 2797 RISV Q5T aiford, [§RETE, IS
28:1—28.17 foifUeRy aregd 119, RigcR 2018.

EB IR Reamil & Ay a1 aRIge dfforad
Arxiv, 5 1—40, 2019,
arXiv: 1902.05905 (AfUQ).

HHA ST
P SIRY

S Sl o UW.foly IR, Mo TH.UH $aR<idl, U, <gard Ul g d1. A, Sl ssel, 9ured
1431 7 1541 RIS @iford FHETT BT Hrdgad, TS 205—212, 9o Hf~eithd, 2019

A ST

T AR T IRITA feRTA AT

491 TRRTE fherivfsder difora driemer drigar diforr, REUTR, 2019,
(TAfda).

SAGHYH Fefid, W |k iR #Ra orgrdr*,
WHT U8 & SR ARI—dhe ReR AUES gdedd ©.
YR #1391 SR BEgey [ AR @7 Priged, S 2018,

fa=gatl @1 SireT (FreTas TRt & 7).
FRIICIS SINHA GV 35d7 SIS R &7 ®riged (Tesieio), 2019, ATd

2019.
(TpTRIT BT B).

e Sl e & Sfeear )

YRR H 1491 RIS HFGE 3577 Rigirge (HIvHaiR), 2019, AT 2019,
(TTRTIRIT BRAT R).

TR AR, P AR R ART orgrdr*,

WHT U8 & SR ARI—dhe & o7 RIeR AUEs gacdd TaReH IRUfHIHIT deal
HET gUTTferal w7 GEd, 1432—4350, 1, 2019.
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Andreas Krebs*, Kamal Lodaya, Paritosh K. Pandya*, and Howard Straubing*.

An algebraic decision procedure for two-variable logic with a between relation.

In Dan Ghica and Achim Jung, editors, Proc. 27th Computer Science Logic, Birmingham,
pages 28:1-28:17.

Lipics volume 119, Sep 2018.

Andreas Krebs*, Kamal Lodaya, Paritosh K. Pandya*, and Howard Straubing*.

Two-variable logics with some betweenness relations.
Arxiv, pages 1-40, 2019.
arXiv: 1902.05905 (Submitted).

Kamal Lodaya.

Via.

In G. Lee F. Liu R. Ramanujam S.M. Srivastava A. Tsuboi L. Yu B. Kim, J. Brendle, editor, Proc.
14th and 15th Asian logic conferences, pages 205-212. World Scientific, 2019.

Kamal Lodaya.

Unary and two-variable interval logics.
In Proc. 4th Asian philosophical logic workshop, Beijing. Springer, 2019.
(Submitted).

Jayakrishnan Madathil, Saket Saurabh, and Meirav Zehavi*.

Max-cut above spanning tree is fixed-parameter tractable.
In Proceedings of the 13th International Computer Science Symposium in Russia, Jun 2018.

Akanksha Agrawal®*, Grzegorz Guspiel*, Jayakrishnan Madathil, Saket Saurabh, and Meirav
Zehavi*.

Connecting the dots (with minimum crossings).

In Proceedings of The 35th International Symposium on Computational Geometry (SoCG),
2019, Mar 2019.

(To be published).

Jayakrishnan Madathil, Fahad Panolan*, Abhishek Sahu, and Saket Saurabh.

On the complexity of mixed dominating set.

In Proceedings of The 14th International Computer Science Symposium in Russia (CSR), 2019,
Mar 2019.

(To be published).

Jayakrishnan Madathil, Saket Saurabh, and Meirav Zehavi*.

Fixed-parameter tractable algorithm and polynomial kernel for max-cut above spanning tree.
Theory of Computing Systems, 1432-4350, 1, 2019.
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AT 9 Qi 262, 141—161, 2018.
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2019.

(qd—sreprer : SR EI3TR 2019—-007).
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v¥TI~7, 24(3), 371—380, 2019.
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II3~S€ TeeRe & | oY U ofdrs (A4, +) wrer

SO 135 § Gaifira TorT & Gaia @7 SRS O+el. gaerd [NIged ov 13919 399
11(1), 68:74, 2019.

Ao wEoH SR fAfas |y

Sl Sfeerdt Riggid # |8 |YUl 3R Aegad Uifer e
HFEGIST Fuferal &7 Rigend, 62(3)(622—652), dx.doi/10.1007/500224-016-9740-y, 2018.

NPT IFRATT*, Sfaa dleeaE*, ekl AgieR, PR 3. Alare*, ik |d ARy

fRrforer fowirs=e=1 ufcrsell & <rer Arsfeel UfpT &1 BT
SR TTforT gav vassuyd or+er, 32(3), 1619, 2018,

TS I PHeR B GARRT - THUET TR 3R RT Heicl.

HFRGICT FUITaeral &7 RIgend, 62(8), 1690, 2018.

BT TSl SfereM TRl &1 gaefaferel 2018,
arXiv: 1811.04560 (AfUq).
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Olaf Beyersdorff*, Joshua Blinkhorn*, and Meena Mahajan.

Building strategies into QBF proofs.
In I, pages 14:1-14:18. LIPIcs, Mar 2019.

Olaf Beyersdorff*, Leroy Chew*, Meena Mahajan, and Anil Shukla.

Understanding cutting planes for QBFs.
Information and Computation, 262, 141-161, 2018.

Arkadev Chattopadhyay*, Meena Mahajan, Nikhil Mande*, and Nitin Saurabh*.

Lower bounds for linear decision lists.
2019.
(Preprint: ECCC TR 2019-007).

Meena Mahajan.

Depth-2 threshold circuits: Provable limitations.
Resonance, 24(3), 371-380, 2019.

Meena Mahajan, Prajakta Nimbhorkar*, and Anuj Tawari.

Shortest path length with bounded-alternation (min,+) formulas.
International Journal of Advances in Engineering Sciences and Applied Mathematics. Special
Issue on Theory of Computation., 11(1), 68-74, 2019.

Meena Mahajan and Nitin Saurabh.

Some complete and intermediate polynomials in algebraic complexity theory.
Theory of Computing Systems, 62(3)(622—-652), dx.doi/10.1007/s00224—-016—9740-y, 2018.

Akanksha Agrawal*, Daniel Lokshtanov*, Diptapriyo Majumdar, Amer E. Mouawad*, and
Saket Saurabh.

Kernelization of Cycle Packing with Relaxed Disjointness Constraints.
SIAM Journal on Discrete Mathematics, 32(3), 1619, 2018.

R. Krithika*, Diptapriyo Majumdar, and Venkatesh Raman.

Revisiting Connected Vertex Cover: FPT Algorithms and Lossy Kernels.
Theory of Computing Systems, 62(8), 1690, 2018.

Diptapriyo Majumdar, Rian Neogi, Venkatesh Raman, and S. Vaishali*.

Tractability of Konig Edge Deletion Problems.
2018.
arXiv:1811.04560 (Submitted).
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Diptapriyo Majumdar and Venkatesh Raman.

Structural Parameterizations of Undirected Feedback Vertex Set: FPT Algorithms and
Kernelization.
Algorithmica, 80(9), 2683, 2018.

Diptapriyo Majumdar, Venkatesh Raman, and Saket Saurabh.

Polynomial Kernels for Vertex Cover Parameterized by Small Degree Modulators.
Theory of Computing Systems, 62(8), 1910, 2018.

Anantha Padmanabha, R. Ramanujam, and Yanjing Wang*.

Bundled fragments of first-order modal logic: (un)decidability.
In Ganguly and Pandya, editors, Proc. FSTTCS18, pages 43:1-43. LiPICS, Dagshtul, Germany,
Dec 2018.

Anantha Padmanabha and R. Ramanujam.

Propositional modal logic with implicit modal quantification.
In Khan and Manuel, editors, Proc. ICLA 2019, LNCS 11600, FoLLl Series, page 1, Mar 2019.

Anantha Padmanabha and R. Ramanujam.

The monodic fragment of propositional term modal logic.
Studia Logica, 107(1), 1, 2019.

Swaroop N. Prabhakar and Vikram Sharma.

Stronger tradeoffs for orthogonal range querying in the semigroup model.

In Sumit Ganguly and Paritosh K. Pandya, editors, 38th IARCS Annual Conference on
Foundations of Software Technology and Theoretical Computer Science, FSTTCS 2018,
December 11-13, 2018, Ahmedabad, India, page 45:1. Schloss Dagstuhl - Leibniz-Zentrum
fuer Informatik, Dec 2018.

Aritra Banik*, Pratibha Choudhary*, Daniel Lokshtanov*, Venkatesh Raman, and Saket
Saurabh.

A polynomial sized kernel for tracking paths problem.
In Mosteiro M Bender M., Farach-Colton M., editor, Proceedings of the Latin American
Theoretical Informatics (LATIN), page 84. Springer, Apr 2018.

Timothy Chan*, lan Munro*, and Venkatesh Raman.

Selection and sorting in the “restore” model.
ACM Transactions on Algorithms, 14(2), 11:1, 2018.
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Ao fAsm*, Beg T, STYAIY JT*, @y I, IR Fda dRA
HE TTHI TR Ha HoRddl 37549 [hd T ITUTH FARI B IRHICIISTS TR
SreriTrerTfiaT, 81(1), 26, 2019.
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Samuel Florini*, R. Krithika*, N. S. Narayanaswamy*, and Venkatesh Raman.

Approximability of clique transversal in perfect graphs.
Algorithmica, 80(8), 2221, 2018.

Neeldhara Misra*, Fahad Panolan*, Ashutosh Rai*, Venkatesh Raman, and Saket Saurabh.

Parameterized algorithms for max colorable induced subgraph problem on perfect graphs.
Algorithmica, 81(1), 26, 2019.

Pranav Arora*, Aritra Banik*, Vijay K. Paliwal*, and Venkatesh Raman.

Some (in)tractable parameterizations of coloring and list-coloring.
In Chen J. and Lu P, editors, International Workshop on Frontiers in Algorithmics (FAW), page
126. Springer Verlag, May 2018.

Prashant Batra* and Vikram Sharma.

Complexity of a root clustering algorithm.
In Fifteenth International Conference on Computability and Complexity in Analysis5-8 August
2018, Lake Kochel, Germany, page 32, Aug 2018.

Ruben Becker*, Sagraloff*, Vikram Sharma, and Yap*.

A near-optimal subdivision algorithm for complex root isolation based on the pellet test and
newton iteration.
J. Symb. Comput., 86, 51, 2018.

C.R. Subramanian.

On approximating stochastic pips and independent sets.
2018.
(Submitted).

C.R. Subramanian.

Analysis of greedy approximation of stochastic c-subgraphs.
2018.
(Submitted).

C.R. Subramanian.

Inductive analogues of graph invariants.
2018.
(Submitted).
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2.5 Teaching Programmes

An integral part of sustained research activity is training future generations of scientists and
mathematicians. At IMSc this is done by supervising postgraduate and doctoral level thesis
work. Motivated and bright students at the graduate and post-graduate level are selected
every year through a national level Joint Entrance Screening Test followed by an interview.
The selected students receive a fellowship throughout their tenure. They undergo one or
two years of course-work, followed by doctoral thesis work under the guidance of a faculty
member.

During 2018-2019, the student strength was 155, with 33 in Mathematics, 86 in Physics, 20
in Theoretical Computer Science, 16 in Biological Physics and Computational Biology.

= EBYouTube

J
i
wlpildub6u305020 3

4
whuldoub6u7305.20 3
u4u‘|u‘lr7ugugu5u2u o

Moments and Histories Chapter 2c Image 7: Video
o e o s lectures on IMSc
e — v o YOUTube channel

16 PhD students obtained their doctoral degree, and 7 students obtained Masters Degree,
during this period. Also 3 students have submitted their doctoral theses, during this year.

During 2018-2019, a total of 34 courses in all disciplines were taught at IMSc in addition to a
course of lectures for the undergraduate programme of CMI. Among these was “The Art of
Bijective Combinatorics: orthogonal polynomials and continued fractions”, taught by our
visitor Prof. Xavier Viennot, which was live-streamed on the institute’s YouTube channel and
made available online in perpetuity.

Apart from this main training activity, IMSc also offers the opportunity of learning for a few
students during the summer vacation period. These students spend up to 6 weeks doing
projects with faculty members. The faculty also supervises short-term projects during other
periods. A total of 81 students availed these opportunities during 2018-2019.
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2.6.1 Doctoral Degrees Awarded during 2018 - 2019

Mathematics

Name Thesis Titile Thesis Advisor(s) University

Arunkumar, G. Root Multiplicities for Viswanath, S. HBNI
Borcherds-Kac-Moody
Algebras and Graph
Coloring.

Keshab Chandra Bakshi | On Intermediate Subfactors | Sunder, V. S. HBNI

Physics

Name Thesis Titile Thesis Advisor(s) University

Aritra Biswas Phenomenology of the Nita Sinha HBNI
Charm decays

Atanu Bhatta Holographic Conformal Nemani Venkata HBNI
Partial Waves Suryanarayana

Dhargyal Phenomenological studies of | Nita Sinha HBNI
the observed anomalies in
the T sector

Madhusudhan Raman | Modular structures in Sujay K. Ashok HBNI
superconformal field
theories

Minati Biswal Z_N Symmetry and Sanatan Digal HBNI
confinement-deconfinement
transition in SU(N)+ Higgs
theory

Prasanna Kumar Dhani | Higher order corrections and | Ravindran, V. HBNI

soft gluon resummation in
perturbative QCD
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Prosenijit Haldar

Study of quantum transport
at the Metal-insulator

transition in Falicov-Kimball
Model within Alloy analogy

Hassan, S.R.

HBNI

Pulak Banerjee

Higher order QCD
corrections and
resummation effects to the
Drell-Yan process in the
Standard

Model and Beyond

Ravindran, V.

HBNI

Rusa Mandal

Rare B decay as a probe to
beyond Standard Model
Physics

Sinha, Rahul

HBNI

Sk. Jahanur Hoque

Physics of Gravitational
Waves in presence of
positive cosmological
constant

Date, G.

HBNI

Theoretical Computer Science

Name

Thesis Titile

Thesis Advisor(s)

University

Anuj Tawari

Lower Bounds for Read-
Once and Tropical
Formulas

Meena Mahajan, B.

HBNI

Diptapriyo Majumdar

Classical and Approximate
Kernels for Structural
Parameters of some graph
parameters

Venkatesh Raman

HBNI

Joydeep Mukherjee

Approximation Algorithms
for Stochastic matchings
and independent sets

Subramanian, C. R.

HBNI

Ramanathan
Thinniyam

Definability and
Decidability in First Order
Theories of Graph Order

Ramanujam, R.

HBNI
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2.6.2 Masters Degree Awarded during 2018 - 2019
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Mathematics

Name Thesis Titile Thesis Advisor(s) University

Arghya Sadhukhan General Linear Group and Amrithansu Prasad HBNI
Symmetric Group :
Commuting Actions and
Combinatorics

Jyothsnaa, S. Lower bound for heights in | Sanoli Gun HBNI
abelian extensions and
local metric estimates

Mita Banik Geodesic and horocycle Parameswaran HBNI
flows on certain Sankaran
homogeneous spaces

Souvik Pal Classification of Complex Viswanath, S. HBNI
Semisimple Lie Algebras

Subham Bhakta Virtual characters on the Srinivas, K. CMI, Chennai
theory of Artin L- functions

Theoretical Computer Science

Name Thesis Titile Thesis Advisor(s) University

Divyarthi An improved Dynamic Vikram Sharma HBNI
Algorithm for Maximum b-
Matching

Jayakrishnan Data Structure Lower Vikram Sharma & HBNI
Bounds Using Sayan Bhattacharya
Communication Complexity
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Collaborative Projects

Institute members are also involved in joint projects with colleagues from other national and

international institutes. The following projects are ongoing:

India-based Neutrino Observatory:

India-based Neutrino Observatory: INO project was approved by Gol in January 2015
and was all set for construction. However, due to legal hurdles the project has been
delayed. Though the MoEF cleared the project again for the second time in 2018
March following the directive of NGT southern bench, an activist group has filed an
appeal twice, with the latest one being presently heard in the Supreme Court of
India. Further progress regarding construction will depend on the outcome of this
case.

In spite of the legal hurdles, the R & D efforts are continuing as before. IMSc-IITM
group is jointly involved in the theoretical and simulation work in connection with
the ICAL detector at INO. In addition INO graduate students attached to IMSc are
working on the prototype detector at Madurai and also contributing to the building

of the Engineering Prototype under construction.

Image 8: Prototype
detector at Madurai

A mile-stone of INO was achieved with the establishment of Jaduguda Underground
Science Laboratory which aims at performing experiments related to direct search for
dark matter candidates and other physics experiments, where low cosmic ray
background is essential. Several experiments, such as, a) prototype experiment on
direct search for dark matter using scintillation detectors at room temperature, b)
direct search for low mass WIMPs as dark matter candidates using superheated
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liquid droplet detectors, c) search for high energy gamma rays resulting from post
scission acceleration of fission fragments, etc are being planned.

IMSc group is also directly involved in many outreach activities to spread the
activities and importance of INO among general public, teachers and students.

(The IMSc group involved in these activities includes D Indumathi, Nita Sinha and G
Rajasekaran (Emeritus).)

Belle & Belle Il Collaboration:

BELLE is an international collaboration of 371 physicists from 14 countries (Australia,
Austria, China, Germany, India, Italy, Japan, Korea, Poland, Russia, Slovenia,
Switzerland, Taiwan, and USA) and 60 institutions that are invovled in research
pertaining to matter-antimatter differences and the study of other phenomenon
accessible at the KEK-B collider operated by High Energy Accelerator Research
Organization in Tsukuba, Japan. Rahul Sinha of IMSc was invited to join the Belle
collaboration and is a member of Belle since July 2008. Belle Il is a new collaboration
for the upgraded facility which is under construction.

Decongesting India’s Transportation Network:

ITRA-Media Lab Asia Project on De-congesting India’s transportation networks using
mobile devices. The project envisages the use of mobile phones to estimate
congestion and traffic patterns on urban roads. Based on the congestion metrics thus
obtained, the project aims to develop algorithms and tools for traffic planning and
management, using the mobile phone as a service platform. The proposed solution
strategy consists of two distinct focus areas. The first focus area deals with the
problem of estimating mobile phone densities to measure prevailing congestion and
traffic patterns. The second focus area involves developing algorithms for traffic
routing, control and prediction, based on the estimated congestion. The proposed
work has enormous potential for applications, such as dynamic route planning, peak
hour rush control, routing of emergency vehicles to and from disaster affected areas,
evacuation planning, and traffic prediction.

In addition, this work is expected to shed new conceptual insights into the general
problem of control of complex networks with strategic agents, by bringing together
ideas from several technical disciplines.
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Max Planck Partner Group in Mathematical Biology

Dr. Areejit Samal is leading a partner group funded by the Max Planck Society to
strengthen his long-standing collaboration with Prof. Jirgen Jost, Director, Max
Planck Institute for Mathematics in the Sciences, Leipzig, Germany. In this partner
group, Samal and Jost are porting concepts from geometry to develop new methods
for the analysis of complex networks. Research activities of this partner group has
been featured in:

©  Max Planck Society News
(https://www.mpg.de/12073239/0607-matn-017649-meaningful-relationships-
mathematical-insights-into-the-geometry-of-complex-networks)

o Nature India
(https://www.natureasia.com/en/nindia/article/10.1038/nindia.2018.84).

Scientific Meetings and Visitor Program

The academic members of the Institute typically participate extensively in a large number of
national and international scientific meetings.

An important aspect of research is interaction with peers. IMSc makes it possible for
Scientific community of the Country by organising national and international scientific
meetings. The Institute contributes towards such activities either by sponsoring them fully
or partially. In this year, the following conferences were organized or co-sponsored by the
Institute.

Tenth Summer Training Programme in Mathematics (May 16 —Jun5, 2018)
ACM:-India Summer School on Graph Theory and Algorithms (May 21 —Jun 8, 2018)
Summer school for MSc students (May 28 —Jun 15, 2018)

Nagarajfest (Jul 10 —Jul 12, 2018)

Science Academies Lecture Workshop on Algebra (Aug 16 — Aug 18, 2018)

Entropy, Information and Order in Soft Matter (Aug 27 — Oct 31, 2018)

Algebras, Combinatorics, and Representation Theory (Dec 5 — Dec 8, 2018)

National Mathematics Day: NCM lecture (Dec 22, 2018)

The Stellar Legacy of Prof. Meghnad Saha: from Society to the Cosmos (Jan 3 —Jan 4,
2019)

CAALM: Complexity, Algorithms, Automata, Logic Meeting 2019 (Jan 21 — Jan 25,
2019)

Mechanics of Complex Matter: Criticality, intermittency and collective behaviour
(Mar 4 — Mar 7, 2019)
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* India-EMBO Symposium on Regulatory Epigenomics: From Large Data to Useful
Models (Mar 10 — Mar 13, 2019)

The annual activities included the following:

* Annual K.S. Krishnan Meeting on Quantum Matter and Quantum Entanglement
* Institute Seminar Week

Institute members and visitors discuss their work during weekly seminars. During 2018-
2019, about 423 such seminars were held at IMSc.

2.8.1 Outreach Activities

Apart from engaging in high quality research and training activities, the Institute also
recognizes its responsibility towards enhancing its interactions with society at large.

Currently, this occurs through two programs:

* Associateship Program: The Institute has established short-term associateships in
Mathematics, Theoretical Physics, Theoretical Computer Science and Computational
Biology to enable teachers from colleges and universities to work at the institute. The
programme is envisaged to develop interaction between the members of the faculty
of the institute and scientists in the university system. Under this programme, an
associate can visit the institute once or twice a year, up to a total of 90 days per year,
each visit lasting a minimum of three weeks. The tenure of an associate will be for a
period of three years and (s)he is expected to visit the institute at least twice during
this period.

The institute will bear the expenses of round-trip travel (by rail) from the Associate’s
normal place of work to Chennai and will also pay a daily allowance to cover local
expenses at Chennai. During their stay at Chennai, Associates will be accommodated
in the institute Guest House.

* Science Popularization: The Institute organizes Popular Science Lectures from time
to time to keep the public informed as well as to enthuse the younger generation.
IMSc outreach activities include a range of workshops and programs that bring
students and teachers into direct contact with research scientists. Throughout the
year, many eminent researchers and educators who visit our campus also give public
lectures on various topics. One of our most recent outreach initiatives, “Science at
the Sabha”, is an annual event for the general public featuring talks on current
scientific research.

Many IMSc members also give talks in schools, colleges, clubs etc in their individual
capacities.
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In this year, the following conferences were organized by the Institute, towards outreach

activities. Details of the events are available at http://www.imsc.res.in/outreach/

April 2018 - March 2019

Zero Shadow Day (April 24, 2018)

Summer School Students Workshop (May 8 —
May 17, 2018)

Teachers Enrichment Workshop (May 21 —
May 26, 2018)

Teachers Enrichment Workshop (Jun 18 — Jun
23, 2018)

Facets (July 5 —July 6, 2018)

IMSc Open Day (Sept 15, 2018)

Enriching Mathematics Education (Oct 4 —
Oct 5, 2018)

Kanita-Kaanakam (Oct 26, 2018)

Vigyan Pratibha Chennai Region Teachers
Workshop (Nov 15 — Nov 16, 2018)

Teachers Enrichment Workshop (Nov 26 — Dec
1,2018)

Teachers Enrichment Workshop (Jan 7 — Jan
12, 2019)

UN International Day for Girls and Women in
Science (Feb 11, 2019)

Science at the Sabha (Feb 24, 2019)
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Zero Shadow Day (24th April 2018)

Kamal Lodaya, Varuni P and Vijay
Ravikumar (CMI) designed a poster to
explain the astronomical phenomena
called Zero Shadow Day which occurs
twice a year when the sun is directly
overhead at each latitute in the
tropics. The poster received much
attention on social media and was
even covered in the science section of
the Indian Express

(https://indianexpress.com/article/ex

plained/zero-shadow-day-how-

shadows-played-hide-seek-with-
chennaikids-5156463/).
Kamal Lodaya, Varuni P and Vijay

Image 9: Zero Shadow Day, April 24th 2018

Ravikumar (CMI) also conducted a session for students at Pudiyador (Urur Kuppam) on 24th
April at local noon to observe the phenomena.

Summer School Students Workshop (8th - 17th May 2018)

IMSc organized a Mathematics and Science
workshop for high school students.We were
delighted by the overwhelming number of
applicants for the program! IMSc hosted 70
students from classes X XI for the program.
The workshop consisted of activity
sessions, lectures and research talks in a
range of topics from microscopy to
astronomy. Participants also worked on
projects and presented them on the last
day of the workshop.
Sessions: Ajjath AH, Aparna Sankar,
Anantha Padmanabha, Arivnd Gupta
Image 10: Summer School Students (Arvind Gupta Toys), G. Baskaran, K. A.
Workshop: 8th - 17th May 2018 Chandrashekar,  Digjoy  Paul,  Pinaki
Chaudhuri, Indumathi D. Jayashree
(HBCSE), Kamal Lodaya, Madhusudan Raman, M.V.N. Murthy, Oorna Mitra, Pandu Rangan
(ITM), S. Pavitra, Pooja Mukherjee, R. Ramanjuam, Semanti Dutta, R. Shankar, Sreevidya T S,
Sushmita Venugopalan, Varuni P.
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Teacher’s Enrichment Workshop (21st - 26th May 2018): Algebra, Analysis and Topology of
p-adic numbers

IMSc hosted a week long workshop aimed at mathematics teachers in Arts and Science
colleges, to enable them to revisit and update content knowledge. Discussion hours offered
opportunities to get doubts cleared and work out exercises (both routine and advanced).
About 60 teachers were selected from about 200 applicants. This program was part of IMSc’s
Enriching Collegiate Education (ECE) series of workshops as an effort to facilitate interactions
between research mathematicians and college teachers. The workshop was held as a
Teachers Enrichment Workshop, a series co-sponsored by the National Centre for
Mathematics (NCM). Speakers: Anirban Mukhopadhyay, D. S. Nagaraj, P. Sankaran, Sanoli
Gun

Facets (5th - 6th July 2018): Mathematics program for college students

This was the 2018 edition of the institute’s outreach program for advanced undergraduate
(BSc third year) and postgraduate (MSc) students of mathematics.

The speakers were Amritanshu Prasad, IMSc, Aaloka Kanhere, Homi Bhabha Centre for
Science Education (Mumbai), Balaji K, Adobe Research (Bangalore), Nemani Suryanarayana,
IMSc, Rahul Siddharthan, IMSc, Sivaguru R, TIFR Centre For Applicable Mathematics
(Bangalore), Sushmita V, IMSc. About 180 students participated in this program.

IMSc Open Day (15th Sept 2018)

A day of fun mathematics and science talks and activities for school children.

The program was intended for students of 8th - 10th standards. The program comprised of
lectures and demonstrations in a range of topics by students and professors of the institute.
Sharing the curiosity and excitement that we have for mathematics, science and research
with the school students is the focus of this program.

Enriching Mathematics Education (4th - 5th Oct 2018)

This was the 7th edition of IMSc’s outreach program for school teachers of classes Xl and XII.
This year, the workshop was hosted by PS Secondary School, Mylapore. The program
included ideas about new ways to teach syllabus topics and different approaches to problem
solving. 70 teachers attended the workshop.

Speakers: Athmaraman R. (Retired Headmaster), P. Sankaran, Sushmita V., R. Ramanujam, S.
Viswanath, Varuni P.
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kaNita-kAnakam (26th Oct 2018)

Image 11: kaNita-kAnakam: 26th Oct 2018

thought in all aspects of modern life.
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IMSc conducted kaNita-kAnakam,
an outreach program in Tamil for
children of classes VIII to Xl on
26th October 2018. The program
was attended by 150 students from
15 corporation schools in Chennai.
Mathematical ideas were analyzed
through hands-on activities such as
modular origami, analyzing bicycle
tracks, kolams (tamil-style rangoli),
and games of strategy, conducted
mostly in Tamil.

An underlying theme was the

pervasive role of mathematical

The event received coverage in the local press with a detailed article in Dina Malar’s Pattam
(https://www.imsc.res.in/outreach/KK2018/pattam_29102018.pdf).

Speakers: R. Ganesh, Roopika Jayaram, R. Ramanujam, Vijay Ravikumar (CMI)
Photos: https://ekalavya.imsc.res.in/node/3708

oz emesgm(
H6UuT &6 SHTeuTaHLD:

LD IT GOOT 61 1T 85 (6T L 65
QI 2 anuImLsd

T PRSP R e —————)

Image 12: News
Article on
‘Dinamalar
Student Edition’
- Pattam, 11,
dt.30.10.2018 (A
Tamil Newspaper)

116


https://ekalavya.imsc.res.in/node/3708
https://www.imsc.res.in/outreach/KK2018/pattam_29102018.pdf

IMSc | aTftfes Ufcrdeer 2018-19
Aerep IfafaftRy AR Prika

fasm= ufer, 9= &9 srEAUe RN (FdeaR 15—16 2018)
T 8—10 BEI & drd fAg IR TG # evar &l

DVigyan Pratibha Chennai Region Workshop 2818

Venue: IMSc, Taramani, Chennal

Workshop for KV and AECS teachers of classes VI - X THREa o9 & %’I-Q TRT WhR B ﬁgﬂ:{ gfer
15th and 16th Novemnber 2018 v MSc, T Chenna !
'.dl - o~ %

@ foIU SMETHTER & IATUD &3 BRITNAT oI |
T HIATA H AL, HoudHA MR g b
Sl 3R AMFSANH hall § 30 TG 9 fage &
g d ATT oy |
VYOI @ dqua] SER (TIERIUEs), S8l U9
(TaATHAITES), ol Arg+ HEgSH
(TuraTE Ul ), JIR. EgeM, W Aoy
o 13 fag= uforr, 918 &5 sraTus l(ﬁa ). oo tﬁ. .

; (AR 15—16 2018) : https://ekalavya.imsc.res.in/node/3719

IS Hgfg PRI (FdaR 26 — faHa¥ 1, 2018)

Teacher's Enrichment Workshep
A week-long workshep for mathematics teachers of Engineering colleges
Z6th Nov 1o 1 ] 2014 4 ndrasekha Hal, IMSc, Taramani, Chenmai

§ R 14: s gty Brawen
(FdeR 26 — fa=daR 1, 2018)

I THIAR BIARITAT SONTIRT Diciall § TG feATHI W oAférd o difs I faw =9 &1
AT BT H AR Y ART &R H G 8T | ST 200 3MMAGHAI ¥ 50 FMEAUDI Bl AT
far 1| I8 HRIHH AT O SR Biciol JAAYDI & drd ATGH—UG IRA B
HAOT IS & ®Y H PRI Bl IMMSTATEA! & SRR BlelfoRie Uoaee (§91g)
@l BT 3T AT| §H BRI el Ao Bk Heffead (TAITH) §RT Ag—mAIfrd
IS HIg BRI & WY H AT o |

HIYUTHAT : Held UAIG (QMSARUAH]), TLUA YouzgH (37von faeafdee), g4, fawa=re

WISl : https://ekalavya.imsc.res.in/node/3728

fasm= & =i iRk Afgen & forg o SRS fRaw (@=adr 11, 2019)

fasm & &N g AfRemRt & foy Jua SR fRaw 79 & forw &g wodl | ansyauasdl
A T 180 Rl &1 B fhar| gd ardma ¥ fagm ok 1 & gar aftensii grT vy
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Vigyan Pratibha Chennai Region Teachers Workshop (15th - 16th Nov 2018)

Vigyan Pratibha Chennai Region Workshop 2818 This was the 1st edition of IMSc’s teachers
Workshop for KV and AECS teachers of classes VIl -X regional workshop for Vigyan Pratibha, a
Government of India program to nurture of talent
in Science and Mathematics among VIII — X

students. The workshop was attended by 30
mathematics and science teachers from KV and
AECS schools from Chennai, Kalpakkam and
Puducherry.

Speakers: Chaitanya Ursekar (HBCSE), Jayashree S.
(HBCSE), Niruj Mohan Ramanujam (ASIPOEC), R.

Image 13: Vigyan Pratibha Chennai Ramanujam, Reema Mani (HBCSE), Varuni P.
Region Teachers Workshop: 15th -
16th Nov 2018

Photos: https://ekalavya.imsc.res.in/node/3719

Teacher’s Enrichment Workshop (26th Nov - 1st Dec 2018)

Teacher's Enrichment Workshen
Aweek-long worksheq for mathemaics teachers of Engineering colleges

Chandraserhar Hall, IMSc, Taramani, C

Image 14: Teacher’s
Enrichment Workshop: 26th
Nov - 1st Dec 2018

This week-long workshop was aimed at mathematics teachers in Engineering colleges, to
enable them to revisit and update content knowledge. About 50 teachers were selected
from about 200 applicants. This program was part of IMSc’s Enriching Collegiate Education
(ECE) series of workshops as an effort to facilitate interactions between research
mathematicians and college teachers. The workshop was held as a Teachers Enrichment
Workshop, a series co-sponsored by the National Centre for Mathematics (NCM).

Speakers: Phoolan Prasad (lISc), T. N. Shanmugam (Anna University), S. Viswanath

Photos: https://ekalavya.imsc.res.in/node/3728

UN International Day for Girls and Women in Science (11th Feb 2019)

IMSc hosted about 180 girls from local schools to celebrate the UN International Day for
Girls and Women in Science. The program included lectures by young women in science and
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Ffear SRR (E1eiTd) iR SMRa d=deie (A=18) @ JF8drT & A, fasd f%R (2016)
RTINS foham /1| I8 YUE SidRel BrRIHH & Jd 99 | & QR A1 § 9 fHehT
) wfgen ufhal—smRan TS & T BT HEr! & |

R 15 fagm § &N oIk Afken & forv Ju iR fiaw (WRa¥Y 11, 2019)

T H A9 (BRa 24, 2019)

R 16: w1 ¥ fag (WRas 24, 2019)

119

Jg IY, 99T ¥ A5 S SmESuHTHs &l
BT 3MSed BRi%hH B, Bl
ARG RMAIR, WA 24 B RIS
JPpICH! | o T | g9 9o g, #
gegd fHdl 4 Afdd W), I9a 9 AT
U W &M T od gY diad oT|
|1 ¥ fage 9 & fou gwa T gen

8 2

39 99 P HTHOTHAT o ¢

e BIRG (SRMSUmamR), fasra oy
) R e Gl S
Ryawr Rigr (MEvAvE)) | 39 Hri%hA H
1200 g WIT fory |



IMSc | Annual Report 2018-19
ACADEMIC ACTIVITIES AND PROGRAMMES

mathematics: Shanti Bhattacharya (lITM), Prajakta Nimbhorkar (CMI) and Satyavani
Vemparala (IMSc). IMSc students organized a series of demonstrations.
In association with Nandita Jayaraj (TLoS) and the American Counsulate (Chennai), a

screening was organized of the film Hidden Figures (2016), the story of a team of female
African-American mathematicians who served a vital role in NASA during the early years of

the U.S. space program.

Image 15: UN International Day for Girls
2019

Science at the Sabha (24th Feb 2019)

5= OF MATHEMATIC o

Image 16: Science at the Sabha : 24th Feb
2019
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and Women in Science: 11th Feb

This year, Science at the Sabha, IMSc’s
flagship outreach program, was held as
usual at the Music Academy on Sunday,
24 February. The talks are aimed at
anyone with an interest in science,
irrespective of age or background.
Science at the Sabha is free and open
to all. This year the speakers were:
Sandhya Koushika (TIFR), Vijay Shenoy
(11Sc), Harini Nagendra (APU) and
Sitabhra Sinha (IMSc).

This event was attended by about 1200
people.
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M A A TP A~s e, e &R o [ar

R 17: I 9§ & 96 ;- a=is § A=, Qe sk
STFT 4T (WRAR) 24, 2019)

S ARIRA PRI H eIl b
forg, fRrem 3R W War H I-s B
WRURT Pl BISASS PR g AT ¥ A=
H U9 UERIA BT ATERT fBar T |

9T 7 fas= 8k wdfdd uesH @r
TTERT U Pharol U gs

https://www.thehindu.com/sci-

tech/science/fourth-edition-of-science-at-
abha/article26365816.ece

https://timesofindia.indiatimes.com/city/chennai/science-at-the-sabha-educates-youngsters-and-

enthralsold/articleshow/68143474.cms
https://www.imsc.res.in/triveni/2019/
ISl : http://ekalavya.imsc.res.in/node/3782

¥

o 18: fag= yevH fowel # R Ak (
HTE 2019)

e e fSeat 4§ wRd afeer (wRa¥— w1 20
- ol

19)

T 3% 3% AR (SIUARATH) & A1
TAT H rsvHTH A fasm § 9RO
Afgel R URex yeeiE | fear &k
S9 fUse af & A Ue AW (2018) H
MR fear ar) s98 <9 @ Afgen
defael & Siiad 3R B Bl BIgdlse
BT 13 UNEX A o 39 U
DI AG HRTIT Dlel, Is (R
25 — HTG 1, 2019) H IR Kool ARA
Pelol § @ 2 — A 7,2019) TH
ARSI o |

I : https://photos.app.goo.gl/1zRSUeVHIavQwmix8

https://photos.app.goo.gl/tC5cwGyoKT2Dgdu76
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From Learning to Doing: Science, Education and Public Service in Chennai

Image 17¢ From Learning to Doing: Science,
Education and Public Service in Chennai,
Science at the Sabha, 24th Feb 2019

This panel exhibition was unveiled at
Science at the Sabha, highlighting
Chennai’s traditions in science,
mathematics, education and public
service, along with the people and
institutions that helped to define them.
Science at the Sabha and the
accompanying exhibition received
extensive press coverage:
https://www.thehindu.com/sci-
tech/science/fourth-edition-of-science-
at-abha/article26365816.ece

https://timesofindia.indiatimes.com/city/chennai/science-at-the-sabha-educates-

youngsters-and-enthralsold/articleshow/68143474.cms

Website: https://www.imsc.res.in/triveni/2019/
Photos: http://ekalavya.imsc.res.in/node/3782

Indian Women in Science Exhibit display (February - March 2019)

Image 18: Indian Women in Science Exhibit
display: February - March 2019

https://photos.app.goo.gl/1zRSUeVHIavQwmix8

https://photos.app.goo.gl/tC5cwGyoKT2Dgdu76
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IMSc in collaboration with The Life of
Science (TLoS) produced a poster
exhibition on Indian Women in Science
and premiered it at last year’s Science at
the Sabha (2018). It consisted of 13
posters highlighting the life and work of
women scientists of the country. The
exhibition was displayed at Women'’s
Christian College, Chennai, (25th Feb —
1st March, 2019) and Stella Maris
College (2nd March — 7th March, 2019).
Photos:
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2.8.2 Visitors
Research is often a collaborative activity and is boosted by a vibrant visitor program. The
Institute hosts a large number of short term and long term visitors. During the year 2018-19,

293 scientists have visited the Institute. A list of a few distinguished visitors to the Institute

during this period is given below:

2.8.2.1 Faculty Visitors

Johannes Kobler
Anirban Banerjee
Ramakrishnan, B
Sayan Bhattacharya
Dileep Jatkar
Xerxes Tata

Xavier Viennot
Purabi Mukherjee
Krishnaswamy, S
Hari Dass, N.D
Venkateswaran, T.V.

Golam Mortuza
Hossain

Rohit Dhir
Kanishka Rawat

Sandipan Sengupta
Balachandran V.
Venkateswaran, T.V.

Sourav Tarafder
Sasidevan V.

Priyotosh
Bandyopadhyay
Steven Spallone

Humboldt University
[ISER, Kolkata

HRI, Allahabad

Univ of Warwick, UK
HRI, Allahabad

Univ. of Hawaii

Labri Bordeaux

INSA

IMSc Visiting Professor
TIFR, Hyderabad
Vigyan Prasar, DST,
New Delhi

[ISER, Kolkata

SRM, Kattankulathur
College of women,
Chandigarh

[ISER, Kolkata

GSI, Retd

Vigyan Prasar, DST,
NewDelhi

Xavier College, Kolkata
University of Sciences
Tech., Kolkata

IIT, Hyderabad

[ISER, Pune

Anindya S
Chakrabarti

Aritra Banik
Pushkar Joglekhar

Ragavendran, K.

Ranjitha, K.

Ramij Rahaman
Dibyendu Das
Mithun Mitra
Parimala Raman
Rajeev Singh

Venkateswaran, T.V.

Jayanta
Bhattacharya
Marcin Chrzaszcz
David, S

Subinoy Das
Shivchaitanya K.V. S
Shamik Banerjee
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[ISER, Pune

NISER, Bhubaneswar
Vishwakarma Institute
of Tech, Pune
Kalasalingam
University,
Krishnankovil
Samhram Institute of
Technology
Allahabad University
[IT, Bombay

[IT, Bombay

Emory University USA
[IT Bhubaneswar,
Varnasi

Vigyan Prasar, DST,
New Delhi

IACS

CERN

University of Paris
IIA, Bangalore

BITS, Pilani

Institute of Physics,
Bhubaneswar
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Venkat Guruswami

Pradeesha Ashok
Raman Sundram

Anirban Banerjee
Kumar Murty
Manickam M.
Vaidy Sivaraman

Sinnakaruppan S.
Matteo Paris

Subinoy Dasgupta
Anilatmaja
Manickam M.

Carnegie Mellon
University, USA

IIIT, Bangalore
University of Maryland,
USA

[ISER, Kolkata
University of Toronto
KSOM, Kozhikode
University of Central,
Florida

INO Project
University of Milan,
Italy

University of Calcutta
IISER, Thirupathi
KSOM, Kozhikode

Venkatasubramanian |ISER, Thirupathi

C.G.

Krishnaswamy, S
Muthukumar, M
Peter Ngai-sing
Daciberg Goncalves
Kumar M. C.
Haridass N. D.
Narasimha Kumar
Anilatmaja Arya
Samayajuta
Prakash Mathews S.

Suvrat Raju
Paritosh Pandya
Guruprasad Kar
Kasi Viswanadham
Ramij Rahaman
Samir Kunkri

Shiv Prakash Patel
Oliver Ramare

Madurai

USA

Bates College, USA
University of Sao, Brazil
[IT, Guwahati

TIFR, Hyderabad

IIT, Hyderabad
[ISER, Tirupati

Saha Institute of
Nuclear Physics,
Kolkata

TIFR, Bengaluru

TIFR, Mumbai

ISI, Kolkata

[ISER, Odisa
Presidency University
Mahade Bananda
Maha Vidhyalaya,
West Bengal

[IT, Delhi

University of Marseille

Dilip Kumar Maiti
Saumia P.S

Mayakh Nilay

Nirmalendu Ganai
Venkateswaran T. V.

Sasidevan V.
Hidenori Sonoda
Sunil Simon
Giovanni Landi
Ragavendran K.

Waldschmidt
Sankaranarayan
Aparna Baskaran
Justin David
Inderasan Naidoo

Jayaraman T
Araniza Gyangiren-
Valencia
Deshpande N.G
Gyan Prakash
Anirban Kundu
Allesandro Vicini
Thorsten Heidersof
Adhikari S.D.
Antonio Di Nola

Ram Murty

Kumar Murty
Manickam M
Philopon
Venkateswaran T.V.
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Vidyasagar University
Institute of Nuclear
Physics, Dubai
University of Illinois,
USA

Vidyasagar University
Vigyan Prasar,

New Delhi

CUSAT, Kochi

Kobe University

lIT, Kanpur

University of Trieste
Kalasalingam Academy
of Research and
Education, Krishnan
Koil

Emeritus Prof, Paris
TIFR, Mumbai
Brandeis University
IISC, Bangalore
University of South
Africa, Johannesburg
TIFR, Mumbai
Valencia

University of Oregon
HRI, Allahabad
University of Calcutta
University of Milano
MPI Bonn

RKMVERI, Belur
University of Saleno,
Italy

Queen’s University
University of Toronto
KSOM, Kozhikode
CNRS, France

Vigyan Prasar,
New Delhi
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Mohan Chintamani

Paran Kumar
Krishnendu. G
Malick R.P.
Ravindran G.V.
Lakshmi Varahan S

Shiv Chaitanya K.V.S
Moitri Sen
Srinivasa Rao, S.
Surya Ramana D
Venkatesan
Guruswami

University of
Hyderabad

ITDM, Kurnal
[ISER, Mohali

BHU, Varanasi
UMSL, USA

Univ of Oklahaoma,
Norman

BITS, Hyderabad
NIT, Patna

Seoul, South Korea
HRI, Allahabad
Carnegie Mellon
University

2.8.2.2 Post Doctoral Visitors

Ratnadeep, A.
Neelam Dhanda
Nilanjana Kumar
Gourav Narain

Gayatri Panickar

Jai D More

Arup Roy

Arjit Dutta

Narayan Rana
Prasanna Venkatesh

Krishna B.S. Swamy
Manirul Ali

Dhiraj Hazra
Dilpreet Kaur
Anosh Joseph
Nikhil Ramesh
Sandipan De
Kajal Das

Balaraju Battu
Sambaran Banerjee

ISI, Kolkata

[IT, Delhi

SINP, Kolkata
Institute of Theo.
Physics, China

[IT, Guwahati

[IT, Mumbai

ISI, Kolkata

KIAS, Seoul

DESY, Germany
Institute of Quantum
optics, Innsbruck
IMB, Taiwan
National Tsing
University, Taiwan
INFN, Italy

[ISER, Pune

TIFR, Bangalore
BITS, Goa

ISI, Bangalore
Institute of Science,
Israel

CBCS, Allahabad
University of Bonn

Gautami Bhowmik
Mare Bouroon
Pruisken A.M.M.

Parimala Raman
Gyan Prakash

Jean- Marc
Deshouillers

Xavier Viennot
Sheik Abdullah

Ramdian Mawia

Shashikant Singh
Kunwar
Abhishek Roy
Dharmesh Jain
Prasad V. V.

Amit Chakraborty
Sumanto Chanda

Rahul Srivastava
Minati Biswal

Sumanta
Chakraborty
Debajyoti Sarkar
Arun Kumar
Arnab Pal
Diptapriyo
Majumdar
Anirudh Reddy

Sumanta Pal
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University of Lille,
France

University of Lille,
France

University of
Amsterdam

Emory University, USA

HRI, Allahabad

University of
Bordeaux

CNRS, Bordeaux

Thiagarajar College of
Engineering
ISI, Kolkata

[IT, Madras

University of Cologne
SINP, Kolkata
Institute of Sciences,
Isreal

IPNS, Japan

SN Bose Center For
Basic Centre, Kolkata
IFIC, Spain

Institute of Physics,
Bhubaneswar

IACS, Kolkata

ITPAC University
[ISER, Mohali

Aviv University, Isreal
IMSc, Chennai

Ramar Research
Institute, Bangalore
University of Coimbra,
Portugal
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Rishu Kumar Singh
Shashikant Singh
Kunwar

Minati Biswas
Soumyajyoti Biswas
Santanu Mondal
Kuntal Nayek
Satyajit Seth

Fahad Panolan

Vishwas Venkatesh
Kabir Ramola
Chandan Maity
Roji Pius

Gaurav Rattan
Prajwal Nandekar
Maguni Mahakhud

Anirudh Reddy

[IT, Mumbai
[IT, Madras

IOP, Bhubaneswar
Max Planck Inst.

Univ. Of Taiwan

SINP, Kolkata

IPPP, Durban, UK
University of Bergen,
Norway

University of Creneble
Brandeis University
ISI, Delhi

University of California
University of Germany
Heidelberg University
Saha Institute of
Nuclear Physics

RRI, Bangalore

2.8.2.3 Doctoral Student Visitors

Gayathri, B
Suryarao Bethapudi
Sathish Kumar, P
Suchetana Goswami

Mahashweta Patra
Aditya Banerjee
Nimisha Pahuja
Gayathri Panicker
Meena, T

Vijay Kumar Paliwal
Richa Tripathi

Rusa Mandal
Manish Kumar
Pandey

Asweel Ahmed
Anup Kumar Singh
Harshit Rajgadia

Pondicherry university
[IT, Hyderabad
University of Madras
S.N. Bose Center for
Basic Sciences

IISER Kolkata

HRI, Allahabad

[ISC Bangalore

[IT, Guwahati

Idhaya College of
Women

[IT Jodhpur

[IT Gandhinagar
IMSc

HRI, Allahabad

Pondicherry University
HRI Allahabad
[IT, Guwahati
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Ravi Kunjwal

Nivedita Bhaskar
Subramani, M
Pranabendu Misra

Krishnan Rama

Ajit Coimbatore
Balram

Prathamesh T.V.H
Srimoy Bhattacharya
Sumithra Sankaran

Kamalakshya
Mahatab

Mehedi Masud
Celestine Preetham
Lawrence

Asweel Ahmed
Priyanka, J

Sonika

Lalit Vaishya
Arpan Das
Jyothsna

Jyotirmoy Ganguli
Seethalakshmi, K
Gopalakrishnan
Mitali Thatte
Neha Malik
Gopinath Mishra
Sukanya Pandey
Mrinalini Ranjan
Anmol Agrawal
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Perimeter Institute,
Canada

UCLA, USA

HRI, Allahabad
University of Bergen,
Norway

Trivandrum

Niel’s Bohr Institute

University of Innstruct
IIT, Guwahati

Institute of Science,
Bangalore

NTNU, Norway

Valencia, Spain
Netherlands

Pondicherry University
PSG College Of
Technology

IIT, Ropor

HRI Allahabad
Institute of Physics
PSG College of
Technology

[ISER Pune

[ISER Pune

[IT Bangalore

[ISER Pune

[ISER Pune

ISI, Kolkata

[ISER Pune

[ISST

Shankaracharya Group of
Institute
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Dhamapurkar Shyam
Surykant

Pratibha Choudhary
Gunda Spoorthy
Ankit Sihi

Pratyush Kumar
Sreekanth K.
Manikandan

Abdul Majith
Meena, T

Sumit Shaw

Richa Tripathi
Fahad, P

Lalit Kumar Saini
Nidhi Gujar
Arindam Mallick
Tamilmaran, C

Tanmay Mitra
Dilnavas Roshan
Richa Tripati

Srimoy Bhattacharya
Aniruddha Vidyadhar
Shirsat

Narendra Hegade
A.V.S.D. Bharadwaj
Shilpa Jangid

Atanu Bhatta

Bidesh Kumar Bera
Soumyadeep
Chaudhuri

Shivesh Kumar Roy
Theerthagiri, L.

Ajay, K

Kushal, A
Hrushikesh Gore

Sabareeswaran

Mrunal Kamble

University of Pune

[IT, Jodhpur

IISER, Pune

[IT, Mumbai

BITS, Goa

Slockholm University

University of Rome
University of Rome
CMlI, Chennai

[IT, Gandhinagar
Cochin University
University of Delhi
IBB, Pune

Kolkata

Tamilnadu Agricultural
University

IMSC

CUSAT, Cochin

[IT, Gandhinagar
[IT, Guwahati

IISER, Pune

NIT, Silchar

ISI, Bangalore
[IT, Hyderabad
IMSc

ISI, Kolkata
TIFR, Bangalore

IIT, Patna

IMSc

[ISER,
Thiruvananthapuram
[ISC, Bangalore
University of London
Bharathidasan
University

College of Engineering,
Pune

Dilnavas Roshan
Sohan Lal Saini

Nithin, R
Rajesh, G
Sudipta Das
Magali Le Goff
Swati

Kruttika Bhat, G
Sudharshan, A
Kiran Sharma
Sivakama-
-meenakshi. P

Madhav
Sankaranarayanan
Richa Tripathi
Kavyaa, K

Dipayan Chakraborty

Prabir Kumar Dey
Adwait Sengar

Subramanya
Bhat. K.N

Arunima
Bhattacharya

Balachander, N
Kiran, D

Rahul, B.S.

Fahad, P

Pratibha Choudhary
Spoorthy Gunda
Nikhil Ramesh
Roopesh Mangal
Anirbit Mukherjee

Kushal, A
Arindam Mallick

Dhruba Bora
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CUSAT, Cochin
College of Engineering,
Naland

Anna University
Anna University
[ISER, Mohal
University of France
HRI Allahabad
[ITDM, Kanchipuram
Anna University
JNU, Delhi

Sastra University

ISI, Kolkata

IIT Gandhinagar
Bharathidasan
University

University of Calcutta
University of Calcutta
Australia National
University

University of Karnataka

Institute of Nuclear
Physics

Anna University
[ISER, Bhopal

BITS, Pilani
University of Cochin
IIT, Jodhpur

Pune

KK Birla Campus, Goa
[ISC, Bangalore
Johns Hopkins
University, USA
NCBS, Bangalore
Former Student at
IMSc

[ISER, Pune
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2.8.2.4 Non Doctoral Student Visitors

Davood Bashir Dar

Pavithra Elumalai

Harish, K
Sudharsan . A

Arnab Acharya
Madhav Reddy. B
Vaishali
Surianarayanan
Nidhi Gujar

Aligarh Muslim
University

PSG College of
Technology
UluC

Sree Sasta Institute of
Tech, Chennai
[ISER, Kolkata

ISI, Kolkata
PSG College of
Technology
IBB, Pune
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Sarvesh Srinivasan
Yashwanth S Prabhu

Smith Sen

Anupama. B

Murali T.S.

Komal Dilip
Divya Chopra

Arun Karthiheyan
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BITS, Pilani

SV National Institute,
Surat

SV National Institute,
Surat

Amrita School of Engg,
Coimbatore
SSN College of Engg.,

Chennai

[ISER, Pune

Central Univ. of
Rajasthan
Pacchaiappa’s College
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3. Infrastructure

The Institute has excellent facilities required for cutting-edge research. The two main

facilities are the Library and the Computing Environment. The Institute also has an on-

campus hostel for students and a guest house for short term and long term visitors.

Recreational facilities are also available. The state of the art, 200 seater Ramanujan

Auditorium provides the venue for conferences and other public events of an academic

nature.

3.1 Computer Facilities
Enhancement of Computer Facility during 2018-19

New laptops were issued to newly joined faculty and to those faculty who requested
replacement of laptops which are older than 4 years. MacBook Pro 13”, Dell XPS,
MacBook Pro 15”, Mac Air 13 ”, Lenovo Yoga L380 laptops were distributed.

Two new EPSON LCD projectors, two BENQ DLP projectors were installed in the
library conference hall and other locations.

Two Dell Power Edge R740xd servers were installed for data backup purposes. The
JEST server was upgraded to higher specification as required.

Three A3 Laserjet MFP, one A3 Colour laserjet MFP, three A4 laserjet MFP Kyocera
model printers enabled with access control system using RFID card reader connecting
the LDAP server under Linux in the LAN were deployed by replacing obsolete
printers. Also, three HP Laserjet MFP A4 laserjet printers were replaced in the
campus.

The existing 42 Mbps Internet bandwidth service was renewed for one more year
through the service provider M/s. Bharti Airtel.

Obsolete LAN switches were replaced and additional LAN Switches were deployed for
the new library building. Established OFC redundant back-bone was established for
the LAN services in the IMSc campus. Additional WiFi access-points and controller
were installed in the campus to cover-up the black spots.

Maple software was upgraded to 2018 version and Intel PCL Parallel Studio XE cluster
edition was installed in the HPC Cluster.

Central Computer Facility room was refurbished with Access Control System using
RFID reader integrated with LDAP server under Linux O/S.
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e About 500 hrs of class room video lectures were recorded and uploaded in the media
portal page (http://ekalavya.imsc.res.in/) after editing and also in IMSc’s YouTube
channel (“matsciencechannel”). Frequent video conferencing activities were handled

with DAE units, national and international institutions. Remote class-room lectures
for lIT Jodhpur and other institutions were also handled.

e On successful completion of PoS billing system of cash-less transaction for the
canteen using the IMSc ID(RFID) card under OpenERP(ODOO), the automation of
“IMSc visitor form” is under testing phase and HR/Payroll module customization are
under process.

Activities :

A two day training session on E-Procurement(E-Tender process) via the “Central Public
Procurement Portal” under NIC, Government of India, was organized at IMSc during 30-31
October 2018 with the DSC tokens for the Officers involved in the tender activities.

Mr. B. Raveendra Reddy, Scientific Officer-F attended the meeting of the Computer and
Information Security Advisory Group (CISAG) on 24 April 2018 at BARC, Mumbai.

Ms. TV. Hari Priya, Administrative Assistant(Systems) and Ms. P.K. Sreelakshmi, Technical
Assistant(ERP) attended a training program on “Linux Security and Network programming in
C-language”, during 19-21 November 2018 conducted by SETS, Chennai.

3.2 The Library

The Institute Library holds a total collection of 74775 books and bound periodicals as on
March 31, 2019. This includes the addition of 995 volumes during the current year April
2018 - March 2019. The NBHM has recognized this Institute library as the Regional Library
for Mathematics. An average of about 5000 outside users in a year from colleges,
universities and research institutions from different parts of the country make use of the
library facilities for their academic and research information needs.

The library has a well balanced collection both print and online on the major subject areas of
research such as Theoretical Physics, Mathematics and Theoretical Computer Science. The
library subscribes to over 350 national and international journals.

The library has access to over 3500+ online journals from major publishers such as Elsevier,
American Mathematical Society, American Physical Society, Springer Verlag, World Scientific,
Institute of Physics, Wiley, etc. Library has also access to Nature online, Science Online, ACM
Digital Library, SIAM Journals Archive, Duke Mathematical Journal, and JSTOR Full digital
archive. It has also perpetual online access to backfile collection of journals contents from
Volume 1 from some of the major publishers like Elesevier under DAE consortium, Springer,
World Scientific, Wiley, deGruyter, Cambridge University Press, Turpion, IOP Publishing and
Annual Reviews Electronic Backvolume collection. Access to online journals is restricted to
members of the Institute.
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Services:

Apart from developing the collection, the library offers reprographic and inter library loan
services. Library has migrated from commercial proprietary software Libsys to open source
software Koha on a linux platform, the library catalogue has been computerized and made
available online to the readers both within and outside the Institute Campus. The Koha
software has been customised in-house to support all the library operations including online
request for acquisition of books and status of borrowings, serials management, inventory
management etc. Library has implemented RFID based system for self check-in and checkout
of library materials. VECC Kolkata has extended their support by providing linux based
software applications to use RFID systems. With the help of RFID enabled access control
system, the library provides effective 24x7 access to its resources, perhaps the only library of
this kind in the country.

The newly expanded library building was inaugurated by the Chairman Shri.K.N. Vyas, DAE, on
25th January 2019, in the presence of Prof. S.K. Joshi, Chairman IMSc Executive Council.

As a result of library building expansion under 12th five year plan, library has now more space
available for the users and collections. The new library is housed in three floors with an area
of 28,000 sq ft (approximately) fully airconditioned. New furniture is also being added to
provide a comfortable user experience. The new expanded library is being made as more
inviting with better ambience to support researchers to use more time in the library.

Image 19: Inauguration
of the new library
facility and a view of
the interior.

Library has a website dedicated to host all the online information resources and to provide
information about the library and its services.

Library is a member of DAE Libraries Consortium that subscribes to SCIENCE DIRECT SERVICE
of Elsevier. Library is also coordinating the MathSciNet consortium which provides online
access to MathSciNet for participating institutions in the southern region. Library is an
institutional member of AMS, MALIBNET, CURRENT SCIENCE Association, and |APT.
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4. Audited Statement of Accounts for the
year 2018-2019

As per clause 29 of the Constitution and Bye - Laws of the Institute, the Accounts of the
Institute shall be audited by Professional Chartered Accountants as prescribed by the law.
The audit of the Accounts of the Institute for the Financial year 2018-19 was taken up and
complied by Professional Auditors M/s R. Balachandran & Co., Chennai - 600 035. The Report
of the Auditors and the Audited Statement of Accounts including the Provident Fund
Accounts for the year 2018-19 are attached herewith for reference.
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R. BALACHANDRAN & CO.

CHARTERED ACCOUNTANTS

L

R_ BALACHAND‘RAN Fiat 3B, lird Floor, Block 1. Baja) Apartments,
ALBL L FCALAGS DIRK ICAND DISSICA & Mandanarn Exln. ‘s, Man Road,

! ) ! Mandanam,. Chennai - 500 335, Ph. 044-4556 7800
Cell: 94442 5A0CG (O 98443 50020
Email; halaca@gmail.com / Elksr@redifimal com

INDEPENDENT AUDITOR'S REPORT

REPORT ON TTIE FINANCIAL STATEMENTS

[ have audited the financial statements of M/s. The Institute of Mathematical Scicnces
(herein after called “The Society”), comprising Balance shect as at 31st March 2019,
Receipts and Payments and the Income and Expendilure for the year then enced, and
the relevant schedules to the fnancial statements.

In my opinion and o the best of my knowledge and according to the explanations given
to me, the aforesaid financial statements give the information required in the manner so
required and give a lroe and fair view in conformity with the accountling principles
generally zocepted in India.

a) In the case of the Palance Sheet, of the stale of affairs of the Soclety as at 31st March,
20149,

b In the casc of the Income and Expenditure Account, of the Fxcess of Expenditure aver
Income for the year cnded on thal date.

BASIS FOR OPINION

1 conducted my audil in accordance with the Siandards on Auditing (BAs) issued by [CAL
My responsibiliies under those standards are further described m the Audilor’s
Responsibitities for the Audil of the. Financial Statcments section of my report. | am
Independent of the Society in accordance with the code of Ethics Issued by ICAT and |
have fulfilled my other ethical responsibilities in sccordance with the code of Ethics. I
belicve that the audit eviderce I have obtained is sufficlent and Appropriate lo Provide a
basis for my opiron,

MANAGEMENT'S RESPONSIBILITY

The management of the Sociely is responsible for the preparation of these financial
staterments that give true and fair view of the financial position, finameial performance in
accordance with the accountdng siandards. This responsibility includes lhe desipn,
implementation and maintenance of internal control relevant to oreparation and fair
presentation of the nancial statements that give true and fair view and are frec from
material misstatement, whether due to fraud or error.

AUMMTOR™S RESTONSIBILITY

My responsibilily Is to express an opinien on these financial statements based on my
audit. T conducted my audic in accordance wilth the standards on auditing issued by
tnstitinte of Chartered Accountants of India. Those Standards require that I comply with
ethiczl requiremnents and plan and perform the audit 1o obtain reasonable assurance
abalt whether the financial statements are free [fom materialmisstatement.
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R. BALACHANDRAN & CO.

R. BALACHANDRAN

B.AL BL, FOA AL S OIRMICAN OI5AICA)

CHARTERED ACCOUNTANTS

Flat 3B llird Floor, Block I, Bajaj Apartments,
4, Mandaram Exta. tsi, Main Road,

Mandanam, Channai - 500 025, Ph: 04£-4858 7685
Cell; 94447 SROBY (i) BEGAD 0000

Erral. roglacagymail.com ! rbksi@@redilnal.com

A= audit involves performing procedures to obtain audit evidence about the amounts anel
disclosures in the financial statements. The procedures selceted depend on the audilor's

judgment, inchuding the assessmen

t of the rsks of matetial misstatement of the financial

stetermoents, whether due to fraud or error. In making those nisk zssessments, the auditor
considers internal control relevant to the Society’s preparation and [lair presentation of
the Enancial statemments in order to design andit procedures thal are appropriate in the
circumslances but not for the purpese of expressing an opinien on the effectivensss of
the said internal controls. An Audit includes examining the evidence supporting the
amoun-s and disclosures in the financial statemenls on a test basis. An audit also
inchides evaluating the appropriatencss of accounting polivies used and the
reasonableness of the accounting eslimates made by Sociely, as well as cvaluaring the
overall presentation of the financial staternents.

| believe 1hat the audit evidence [ have obtained is sufficient and appropriale to provide a

basis [or myv audil opinion

Place: Chennal
Dale ' 19.08.2019

For R.Balachandran & Co
Chartered Accountanls
Firm No. 3235

|-.._ »

PP WX
N4

. R.Balachancran

* Chartered Acconsniant

M.No. 026580

UDIN: 19026930AAMACMS 153
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